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(54) Reluctance type rotating machine with permanent magnets 

(57) A reluctance type rotating machine includes a 
stator 1 having armature windings 2 arranged on an 
inner periphery of the stator 1, a rotor 3 having a mag- 
netic unevenness in the circumferential direction and a 
plurality of permanent magnets 6 arranged for negating 
the armature windings' flux passing between adjoining 
poles. Each magnet 6 is magnetized in a direction differ- 
ent from a direction to facilitate the rotor's magnetiza- 
tion. A magnetic portion 7 is provided between the pole 
and the interpole of the rotor 3. Owing to the provision 
of the magnetic portion 7, when the armature windings 
are not excited, more than 30 % of the permanent mag- 
nets' flux is distributed in the rotor 3. Similarly, when the 
machine is loaded, the permanent magnets' interlink- 
age flux is more than 10 % of composite interlinkage 
flux composed of armature current and the permanent 
magnets. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0001 J The present invention relates to a reluctance 
type rotating machine equipped wit permanent mag- 
nets, which is compact with a high output and which is 
capable of rotating in a wide range by its adoption of a 
new pole structure. 

2. Description of the Related Art 

[0002] As shown in Fig. 1, an earlier reluctance type 
rotating machine comprises a stator 1 having armature 
windings 2 and a salient-pole rotor 3 having an uneven 
core 4 since the rotating machine does not require coils 
for forming a field system about the rotor 3. Therefore, 
the reluctance type rotating machine is simple in struc- 
ture and low in price. 

[0003] We now describe a principle of producing the 
output of the reluctance type rotating machine. Because 
of unevenness about the rotor, the reluctance type rotat- 
ing machine exhibits small magnetic reluctance at pro- 
trusions of the rotor and large magnetic reluctance at 
recesses of the rotor. That is, there is a difference of 
stored magnetic energy between a gap over the protru- 
sion and another gap over the recess. The output of the 
reluctance type rotating machine comes from the 
change in magnetic energy. Note, the protrusions and 
recesses may be provided by a configuration allowing 
the unevenness to be formed not only geometrically but 
magnetically, in other words, the configuration where 
the magnetic reluctance and distribution of magnetic 
flux density vary depending on the position of the rotor. 
[0004] As another high-performance rotating 
machine, there is a permanent magnet type rotating 
machine. In the rotating machine, a plurality of perma- 
nent magnets are arranged on the substantial whole 
periphery of the rotor core although the armature wind- 
ings of the machine is similar to the armature windings 
of an induction machine, the same windings of the 
reluctance type rotating machine, etc. 
[0005] Due to the unevenness about the core surface, 
the reluctance type rotating machine has different mag- 
netic reluctance which depends on the rotational posi- 
tion of the rotor. This change in magnetic reluctance 
causes the magnetic energy to be varied thereby to pro- 
duce an output of the rotor. 

[0006] In the conventional reluctance type rotating 
machine, however, the increasing of currents causes a 
local magnetic saturation to be enlarged at th protru- 
sions of the rotor 4. Thus, the enlarged magnetic satu- 
ration also causes magnetic flux leaking to the recesses 
between poles to be increased, so that effective fluxes 
are decreased while lowering the output power. 
[0007] On the other hand, as another high-pow red 



rotating machine, there is a permanent magnet type 
rotating machine using "rare-earth metal" permanent 
magnets having high magnetic energy products. Owing 
to the arrangement of the permanent magnets on the 

5 surface of the rotor core, when the permanent magnets 
of high energy are employed to form a magnetic field, 
the permanent magnet type rotating machine is capable 
of forming an intense magnetic field in an air-gap of the 
machine, providing a compact and high-powered rotat- 

10 ing machine. 

[0008] Nevertheless, it should be noted that a voltage 
induced in the armature windings gets larger in propor- 
tional to the rotating speed of the rotor since the mag- 
netic flux of each magnet is constant. Therefore, if the 

15 machine is required to operate at a wide range of varia- 
ble speeds up to the high-speed rotation, it is difficult to 
carry out the "rated-output" operation of the machine at 
a rotating speed twice or more as large as the base 
speed under constant current and voltage. 

20 

SUMMARY OF THE INVENTION 

[0009] It is therefore an object of the present invention 
to provide a reluctance type rotating machine which is 

25 compact in spite of high output and which is capable of 
operating at a wide range of variable speeds. 
[0010] To achieve the object of the present invention 
described above, from the 1st aspect of the invention, 
there is provided a reluctance type rotating machine 

30 comprising: 

a stator having armature windings; 

a rotor having a rotor core, the rotor being provided, 

in a circumferential direction thereof, with a mag- 

35 netic unevenness; 

a plurality of permanent magnets arranged in the 
rotor core, for negating the armature windings' flux 
passing between adjoining poles defined in the 
rotor, each of the permanent magnets being mag- 

40 netized in a direction different from a direction to 
facilitate the rotor s magnetization; and 
wherein a magnetic portion is ensured in the rotor 
core so that, when the armature windings are not 
excited, more than 30 % (percent) of the permanent 

45 magnets' flux is distributed in the rotor and also 
that, when the machine is loaded, the permanent 
magnets' interlinkage flux is more than 10 % of 
composite interlinkage flux composed of current 
and the permanent magnets. 

50 

[001 1] It is noted that the above composite interlink- 
age flux is changed by a phase difference between the 
flux vector of current and the flux vector of perman nt 
magnets. Therefore, we now define the amount of com- 
55 posite interlinkage flux when both phases exerting no 
influence on each other are on the crossing condition at 
a right angles, as the above composite interlinkage flux 
of the invention. 
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[0012] As the magnetic unevenness is formed about 
the rotor core, a magnetic protrusion of the unevenness 
constitutes a pole ol a reluctance motor, while a mag- 
netic recess does an interpole (i.e. a part between the 
adjoining poles) of the motor. Namely, the magnetic pro- 
trusion corresponds to a "easy-magnetizing" direction to 
facilitate the rotor's magnetization, while the magnetic 
recess corresponds to a "hard-magnetizing" direction 
where it is difficult to magnetize the rotor. 
[0013] According to the invention, the permanent 
magnets are arranged in the magnetic recesses in the 
rotor core. Additionally, in the rotor core, there is pro- 
vided a magnetic portion for closing the permanent 
magnets' flux in a short circuit so that, when the arma- 
ture windings are not excited, more than 30 % (percent) 
of the permanent magnets' flux is distributed in the rotor. 
With this structure, it is possible to reduce an induced 
voltage generating at the rotor's rotating to 0 to 70 % of 
the rated voltage for the rotating machine. For example, 
under condition that the induced voltage is set to 33%, 
even if rotating the rotating machine at high speed of 
three times as fast as the base speed, there would be 
no possfoility to apply an excessive current to an electric 
circuit. 

[0014] Next, when the machine is loaded, the above 
magnetic portion is intensely subjected to the magnetic 
saturation by the flux due to the load current. Conse- 
quently, the permanent magnets' flux distributing 
between the poles does increase. According to the 
invention, the magnetic portion between the poles con- 
stitutes a magnetic path so that a part of permanent 
magnets' flux is distributed in the direction of the center- 
axis of interpole. Additionally, the magnetic portion is 
adapted in a manner that, when the machine is loaded, 
the permanent magnets' interlinkage flux is more than 
10 % of composite interlinkage flux composed of arma- 
ture current and the permanent magnets. 
[0015] The flux of each permanent magnet has an 
action to repulse the armature current flux entering 
along the center-axis direction of the interpole and 
increase the magnetic reluctance in the direction of the 
magnet since the relative permeability of the magnet is 
generally equal to zero. Thus, since the permanent 
magnets' flux and the armature flux in the opposite 
direction cancel each other, the composite flux along 
the center-axis direction of the interpole gets fewer or 
flows in a direction opposite to the armature current 
when the armature current is small. 
[001 6] Therefore, since the interlinkage flux along the 
center-axis direction of the interpole gets smaller, a 
change within the magnetic unevenness about the rotor 
is so enhanced that the output of the machine does 
increase. On the other hand, the armature flux has a 
tendency of distribution to pass through the magnetic 
protrusions of the rotor core in concentration. Conse- 
quently as the unevenness of flux density about the air- 
gap is promoted, the magnetic-energy change becomes 
larger to provide the machine with high torque and high 



power factor. 

[0017] As to an adjusting range of terminal voltage 
required for operating the machine at a wide range of 
variable speeds, the function will be described below. 

5 [0018] According to the invention, since the perma- 
nent magnets are embedded in the interpoles locally, 
the surface area of the permanent magnet on the 
peripheral side of the rotor is smaller than that of the 
conventional rotating machine where the permanent 

w magnets are arranged about the whole periphery of the 
rotor surface, so that the interlinkage flux by the mag- 
nets gets fewer, too. Then, the interlinkage flux due to 
the armature current (both exciting current component 
and torque current component of the rotating machine) 

is takes part in the interlinkage flux of the permanent mag- 
nets, so that a terminal voftage is induced. 
[0019] In the permanent magnet type rotating 
machine, it is possible to adjust the terminal voltage 
because the interlinkage flux of the permanent magnets 

20 occupies almost the whole terminal voltage. On the con- 
trary, since the rotating machine of the invention has a 
small interlinkage flux of the permanent magnets, it is 
expected that when adjusting the exerting current 
widely, then H is possible to control terminal voltage in a 

25 wide range. That is, since the exciting current compo- 
nent can be adjusted so that the voltage is less than a 
power source voltage corresponding to the velocity, the 
rotating machine is capable of operating at a wide range 
of variable-speeds under the power source of constant 

30 voltage. 

[0020] Additionally, since a part of each permanent 
magnet flux leaks through the above-mentioned mag- 
netic portion forming the short circuit it is possible to 
reduce diamagnetic field inside the permanent magnet. 

35 Thus, since an operating point on a demagnetizing 
curve expressing the B(magnetic flux)-H(f ield intensity) 
characteristics of the permanent magnet is elevated 
(causing a large permeance coefficient), the demagnet- 
izing-proof characteristics with respect to both tempera- 

40 ture and armature reaction is improved. Particularly, in 
case of canceling the permanent magnets' flux by the 
armature current forming the flux in the directions of th 
interpole-axes, it is possible to prevent the demagneti- 
zation of the rotor although the demagnetizing field is 

45 applied on the magnets. 

[0021] Furthermore, since the permanent magn ts 
are embedded in the rotor core, it acts as a retaining 
mechanism of the permanent magnets, so that th 
rotating machine can ensure its high-speed operation. 

so [0022] According to the 2nd aspect of the invention, 
there is provided a reluctance type rotating machin 
comprising: 

a stator having armature Windings; 
55 a rotor having a rotor core, the rotor being provided, 
in a circumferential direction thereof, with a mag- 
netic unevenness; 

a plurality of permanent magnets arranged in the 
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rotor core, for negating armature flux passing 
between adjoining poles defined in the rotor, each 
of the permanent magnets being magnetized in a 
direction different from a direction to facilitate the 
rotors magnetization; and 5 
wherein a magnetic portion is ensured in the rotor 
core so that, when the armature windings are not 
excited, more than 80 % (percent) of the permanent 
magnets' flux is distributed in the rotor and also 
that, when the machine is loaded, the permanent w 
magnets' interlinkage flux is more than 5 % of com- 
posite interiinkage flux composed of current and 
the permanent magnets. 

[0023] Although the basic function of this rotating is 
machine is similar to that the previously-mentioned 
rotating machine, the induced voltage is remarkably 
small because more than 80 % of the permanent mag- 
nets' flux is distributed in the rotor when the armature 
windings are not excited. Consequently, even if the so 
short circuit is caused in the power source or so, a cur- 
rent originating in the voltage induced by the permanent 
magnets is so insignificant to prevent the machine from 
being burned or braked excessively. Further, since the 
stator core loss caused by the magnets' flux gets fewer, 25 
the machine's efficiency can be improved when rt is 
under unloaded or slight-loaded condition. 
[0024] In addition, the magnetic portion is adapted in 
a manner that, when the machine is loaded, the perma- 
nent magnets' interlinkage flux is more than 5 % of com- 30 
posite interlinkage flux composed of armature current 
and the permanent magnets. Since the magnets' flux 
and the armature flux cancel each other under the 
loaded condition, the composite flux in the directions of 
center axes of the interpoles is reduced. 35 
[0025] Consequently, because of reduced interlinkage 
flux in the direction of center axes, the magnetic une- 
venness about the rotor is enhanced to increase the 
output of the machine. Simultaneously, since the inter- 
linkage flux in the direction of center axes of the inter- <o 
poles is decreased, the terminal voltage is lowered, 
whereby the power factor of the machine can be 
improved. Again, the current flux is distributed so as to 
pass through the poles in concentration. 
[0026] From the above, as the change in flux density 45 
of the gap is increased in the present invention, the 
change in magnetic energy is also increased thereby 
producing high torque and high power factor. 
[0027] Furthermore, this rotating machine can per- 
form the following action. Since almost all the flux of so 
each permanent magnet leaks through the magnetic 
portion of the short circuit, rt is possible to reduce dia- 
magnetic field inside the permanent magnet remarka- 
bly. Thus, since an operating point on the 
demagnetizing curve expressing the B(magnetic flux)- 55 
H(field intensity) characteristics of the permanent mag- 
net is also elevated (causing a large permeance coeffi- 
cient), it is possible to use the permanent magnets 
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having a deteriorated temperature characteristic, at a 
temperature of 50 to 200°C. Even if flowing a large cur- 
rent of two or three times as large as a rated current in 
an atmosphere of high-temperature, there is no possi- 
bility that the permanent magnets are demagnetized 
owing to the armature reaction. Especially under a con- 
dition of the rated torque current, if increasing the arma- 
ture current in order to accomplish a maximum torque of 
several times as much as the normal torque in case of 
negating the permanent magnets' flux by the armature 
current forming the flux in the directions of interpoles, 
there is produced a gap flux in the opposite direction to 
the interlinkage flux of the permanent magnets by the 
armature current. In such a case, the rotating machine 
of the embodiment allows the permanent magnets to be 
used without being demagnetized. 
[0028] Also in this rotating machine, since the perma- 
nent magnets are embedded in the rotor core, it acts as 
the retaining mechanism of the permanent magnets, so 
that the rotating machine can ensure its high-speed 
operation. 

[0029] According to the 3rd aspect of the invention, 
there is provided a reluctance type rotating machine 
comprising: 

a stator having armature windings; 
a rotor having a rotor core, the rotor being provided, 
in a circumferential direction thereof, with a mag- 
netic unevenness; 

a plurality of permanent magnets arranged in the 
rotor core, for negating the armature windings' flux 
passing between adjoining poles defined in the 
rotor, each of the permanent magnets being mag- 
netized in a direction different from a direction to 
facilitate the rotor's magnetization; and 
wherein, in a magnetic flux of the permanent mag- 
nets at an air gap, an amplitude in a fundamental 
component of a magnetic flux density of the perma- 
nent magnets is 0.2 to 0.6 T. 

[0030] According to the 4th aspect of the invention, in 
common with the above-mentioned rotating machines, 
the magnetizing direction of the permanent magnets is 
substantially identical to the circumferential direction of 
the rotor. In this case, since the flux of exciting current 
component passing the poles intersects the magnetiz- 
ing direction of the permanent magnets in substantial 
right angles in electrical angle, the magnetic saturation 
due to the current is eased at the respective potes, so 
that the reluctance torque grows larger. 
[0031] According to the 5th aspect of the invention, 
the rotor is provided, between the adjoining poles, with 
a first non-magnetic part. Owing to the provision of the 
first non-magnetic part at each interpole, the magnetic 
reluctance in the direction of the interpoles is remarka- 
bly increased. Therefore, since a large unevenness is 
produced in flux density at the gap, it is possible to pro- 
duce a large output of the machine because of the 
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increased change in magnetic energy. 
[0032] According to the 6th. aspect of the invention, a 
width of each pole is 0.3 to 0.5 times as long as a pole 
pitch which corresponds to a circumferential distance 
from a center of an pole to a center of the adjoining pole, s 
[0033] With this establishment of the pole and inter- 
pole, it is possible to effectively increase the change in 
the gap flux density with respect to the position of the 
rotor, where the rotating machine of high output can be 
provided. 

[0034] According to the 7th aspect of the invention, 
the rotor has magnetic portions each formed on the 
periphery between the adjoining poles, for magnetically 
connecting therebetween. Owing to the provision of the 
magnetic portions, the magnetic material uniformly 
spreads over the whole periphery of the rotor with 
respect to core teeth of the stator. Consequently, the 
change of magnetic reluctance caused by slots of the 
stator gets smaller while decreasing the slot ripple. Fur- 
ther, the smooth surface of the rotor allows the windage 
loss to be reduced. H is also possible to restrict the 
demagnetizing field, which is caused by the armature 
current acting on the permanent magnets, owing to the 
magnetic portions outside the interpoles. 
[0035] According to the 8th aspect of the invention, 
the rotor is provided with a second non-magnetic part 
for reducing flux leaking through respective inward por- 
tions of the permanent magnets in the radial direction. 
Owing to the provision of the non-magnetic part on the 
inner end of each permanent magnet, it is possible to 
prevent the flux from leaking out of the magnet. There- 
fore, it is possible to reduce a volume of the permanent 
magnet without remarkably deteriorating the character- 
istic of the machine. 

[0036] According to the 9th aspect of the invention, 
the first non-magnetic part between the adjoining poles 
is positioned so as not to increase magnetic reluctance 
outside the permanent magnets remarkably. 
[0037] Since the first non-magnetic part does not 
increase the magnetic reluctance outside the magnet, it 
is possible to ensure sufficient flux in spite of small 
quantity of permanent magnets. 
[0038] Further, by the first non-magnetic part, the per- 
manent magnets' flux is distributed in the rotors surface 
opposing the stator when the armature windings are not 
excited. When the flux due to the load current overlaps, 
each magnetic portion between the pole and the inter- 
pole and the outer magnetic portion are subjected to the 
magnetic saturation, so that the permanent magnets' 
flux closing in the rotor interlinks with the stator. There- 
fore, when the machine is not loaded, the induced volt- 
age due to the interlinkage flux of the permanent 
magnets is so smalt, whereby the flux of the permanent 
magnets can be utilized effectively under the loaded 
condition. 

[0039] According to the 1 0th aspect of the invention, a 
gap length outside the interpole of the rotor is larger 
than the gap length outside the pole. 
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[0040] Since the gap length outside the pole is smaller 
than the gap length outside the interpole, the magnetic 
unevenness is further enlarged, so that the reluctance 
torque does increase. When the armature windings are 
not excited, the permanent magnets' flux interlinking 
with the armature windings is decreased thereby to 
close in the rotor core through the magnetic portion 
between the adjoining poles because the gap length 
outside the interpole is relatively long. 
[0041 ] When the flux of current overlaps at the time of 
the machine being loaded, the rotor is locally subjected 
to the magnetic saturation, so that the permanent mag- 
nets' flux closing in the rotor is brought into the interlink- 
age with the stator. Therefore, when the machine is not 
loaded, the induced voltage due to the interlinkage flux 
of the permanent magnets is so small, whereby the per- 
manent magnets' flux can be effectively increased 
under the machine's loaded condition. 
[0042] According to the 1 1th aspect of the invention, 
the reluctance type rotating machine is characterized in 
that the flux due to an armature current in a center axis- 
direction between the adjoining poles and the flux of th 
permanent magnets negates each other, so that th 
composite flux in the center axis-direction is substan- 
tially equal to zero. 

[0O43J When applying the load current, the flux of the 
armature cunent negates the permanent magnets' flux, 
so that the composite flux in the center axis of the inter- 
pole amounts to zero. Therefore, the voltage induced by 
the flux in the central axis of the interpole becomes to 
be zero, too. Thus, since the terminal voltage is induced 
by the flux in the direction of pole, low voltage and high 
output can be provided for the rotating machine. 
[0044] Additionally, the constant output characteristic 
can be obtained with ease. As the reluctance torque is 
a product of both exciting current and torque current 
component of the armature, the output is obtained by a 
product of the exciting current, the torque current com- 
ponent and the rotating speed. Upon fixing the armature 
current component (torque current) forming the flux in 
the direction of interpole axis into a constant value so 
that the composite flux in the direction of center axis of 
the interpole amounts to zero, by adjusting the armature 
current component (exciting current) with respect to th 
rotating speed in inverse proportion to each other, the 
constant output characteristic where torque times rotat- 
ing speed is constant can be accomplished. 
[0045] According to the 12th aspect of the invention, 
under condition that an armature current component 
forming the flux in the central axis-direction between the 
adjoining poles becomes a maximum, the flux due to 
the armature current component in the center axis- 
direction between the adjoining poles and the flux of the 
permanent magnets negates each other, so that the 
composite flux in the center axis<lirection is substan- 
tially equal to zero. 

[0046] In this case, the maximum current for the rotat- 
ing machine is divided into two vector components 
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crossing at right angles, i.e., an armature current com- 
ponent forming the flux in the direction of center axis of 
the interpole and another armature current forming the 
flux in the direction of pole. When the maximum current 
of armature (composite vector) intersects the armature 5 
current component forming the flux in the direction of 
center axis of interpole at angles of 45 degrees, a max- 
imum of reluctance torque can be obtained. The rotating 
machine of the invention is constructed in a manner 
that, at this current phase, the flux of armature current in 10 
the direction of the central axis of the interpole negates 
the flux of each permanent magnet and therefore, the 
resultant composite flux in the interpole direction 
amounts to substantial zero. Therefore, when the 
induced voltage is raised during the machine's opera- 75 
tion at a high rotating speed range, the machine allows 
the armature current component (i.e. exciting current 
component) forming the flux in the direction of pole to be 
adjusted smaller, whereby the constant induced voltage 
can be attained. Consequently, it is possible to operate 20 
the machine at a wide range of variable-speeds and 
realize the high power factor while maintaining the con- 
stant output. 

[0047] According to the 13th aspect of the invention, 
in connection with the armature current produced by the 25 
flux of the permanent magnets when the machine is 
electrically closed in a short circuit, the interlinkage of 
magnetic flux produced by the permanent magnets in 
case of the armature current of zero interlinking with the 
flux of the permanent magnets is determined in a man- 30 
ner that heat derived from Joule-loss originating in the 
armature current is less than a thermal allowable value 
of the machine or braking force produced by the arma- 
ture current is less than an allowable value in the rotat- 
ing machine. 35 
[0048] If the permanent magnets' flux which interlinks 
with the armature windings exists when an electrical 
short-circuit accident is caused in an inverter, a terminal 
or the like, the rotation of the rotor causes an induced 
voltage to be generated. Due to this induced voltage, 40 
the short-circuit current may flow in the armature wind- 
ings for burning or an operation of the apparatus may be 
locked by excessive brake torque. According to the 
invention of the 1st and 2nd aspects, since the high out- 
put of the machine is accomplished by the interlinkage 45 
flux from small number of permanent magnets, it is pos- 
sible to reduce the induced voltage in order to establish 
both short-circuit current and brake less than the allow- 
able values, respectively. Consequently, even if occur- 
ring the short-circuit accident, it would be possible to so 
prevent troubles in the rotating machine and the appara- 
tus. 

[0049] According to the 14th aspect of the invention, 
the permanent magnets are arranged between the 
adjoining poles and the first lion-magnetic part between 55 
the poles is provided with a conductive material. 
[0050] With the arrangement of the conductive mate- 
rial in the first non-magnetic part, an eddy current is 



generated in the conductive materials when the rotor 
does not synchronize with the rotating field, so that the 
rotor can enter its synchronous rotation. That is, the 
self-starting and stabl _ rotation of the rotating machine 
can be realized. 

[0051] According to the 1 5th aspect of the invention, 
the rotor is provided, on a periphery thereof, with a plu- 
rality of conductive members extending in the axial 
direction of the rotor. 

[0052] Since the induced current flows in the conduc- 
tive members at the machine's asynchronous operation, 
the self-starting and stable rotation of the rotating 
machine can be realized. Further, it is possible to 
absorb the eddy current by harmonic current when driv- 
ing the inverter. 

[0053] According to the 16th aspect of the invention, 
the reluctance type rotating machine further comprises 
a pair of magnetic end rings arranged on respective 
axial ends of the rotor. 

[0054] When the rotor is subjected to an armature 
reaction field in the opposite direction to the magnetized 
direction of each permanent magnet in the rotor core by 
the armature current, a part of magnetic flux of the per- 
manent magnets forms closed magnetic paths each 
flowing the core in the axial direction, entering into the 
end ring and returning the core. That is. since the leak- 
age flux can be produced effectively, it is possible to 
adjust the amount of interlinkage flux between the 
armature windings and the permanent magnets, 
whereby the terminal voltage can be controlled by the 
armature current with ease. In addition, it is possible to 
adjust the ratio of leakage flux to effective flux by con- 
trolling a clearance between the rotor core and each 
end ring. 

[0055] According to the 1 7th aspect of the invention, 
the object of the present invention can be also accom- 
plished by a reluctance type rotating machine compris- 
ing: 

a stator having armature windings; 
a rotor having a rotor core, the rotor being provided, 
in a circumferential direction thereof, with a mag- 
netic unevenness; 

a plurality of permanent magnets arranged in the 
rotor core along directions of respective poles of the 
rotor, tor negating armature flux passing between 
adjoining poles defined in the rotor; and 
wherein each interpole between the adjoining poles 
has an outer face recessed with respect to an outer 
face of the pole in the radial direction of the rotor. 

[0056] According to the above invention, since the 
outer face of each "interpole" (or an inter-pole portion) 
of the rotor is recessed with respect to the outer face of 
the "pole" (or a magnetic pole portion) in the radial 
direction of the rotor, a gap length in the radial direction 
of the rotor betwe n the stator and the rotor changes, so 
that the magnetic unevenness is formed about the rotor. 
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While, since the permanent magnets are magnetized so 
as to negate the armature flux passing the "interpoles" 
(i.e. interpole portions), each magnetic reluctance in the 
direction along each interpole is increased. Thus, an 
unevenness is produced in the magnetic flux density at 5 
the gap between the stator and the rotor, whereby a 
great torque can be produced in the rotating machine by 
the resultant change in magnetic energy. 
[0057] According to the 18th aspect of the invention, 
in the rotating machine of the 17th aspect, each of the to 
permanent magnets is arranged so as to leave a part of 
the rotor core between an outer end of the permanent 
magnet in the radial direction of the rotor and an outer 
periphery of the rotor. 

[0058] According to the 19th aspect of the invention, is 
in the rotating machine of the 18th aspect, the part 
between the outer end of the permanent magnet and 
the outer periphery of the rotor has a radial thickness to 
be magnetically saturated by the armature flux. 
[0059] According to the 20th aspect of the invention, 20 
in the rotating machine of*the 18th aspect it is prefera- 
ble that the part between the outer end of the perma- 
nent magnet and the outer periphery of the rotor has a 
radial thickness smaller than a radial thickness of the 
interpole at a center thereof. 25 
[0060] According to the 21 st aspect of the invention, 
in the rotating machine of the 18th aspect H is prefera- 
ble that the part between the outer end of the perma- 
nent magnet and the outer periphery of the rotor has a 
radial thickness so that, when no current flows in the 30 
armature windings, the magnetic flux density of the per- 
manent magnets interlinking with the armature windings 
gets less than 0.1T at the gap between the rotor and the 
stator. 

[0061] In common with the 18th to 21st aspects of the 35 
invention preferable arrangements, owing to the provi- 
sion of a part of core between each permanent magnet 
and the outer periphery of the rotor, the flux from the 
magnet is closed in the rotor core when the armature 
current is zero, in other words, the machine is unloaded. 40 
Thus, since the induced voltage in the armature wind- 
ings is substantially equal to zero, the rotating machine 
allows the rotor to rotate at a constant speed without 
being braked from the stator's side. Further, even if an 
electrical short-circuit occurs the armature windings, an 45 
inverter, etc. during the rotor's rotation, the short-circuit 
current does not flow since the induced voltage is sub- 
stantially equal to zero. Therefore, in spite of the short- 
circuit, it is possible to prevent an excessive braking 
force from being produced and the armature windings so 
from being damaged. When the machine is loaded, the 
armature flux in the directions of the poles partially 
passes through the outer core portion outside the per- 
manent magnets, so that each interpole is magnetically 
saturated at both ends of the interpole in the circumfer- 55 
ential direction. Consequently, the flux of the permanent 
magnets is distributed out of the rotor and interlinks with 
the armature windings, whereby the output and power 
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factor of the machine can be improved. 
[0062] According to the 22nd aspect of the invention, 
in the machine of any one of the 18th to 21st aspects, 
each of the permanent magnets is arranged so as to 
form a space between the outer end of the permanent 
magnet and the outer periphery of the rotor, in addition 
to the part of the rotor core. 

[0063] According to the 23rd aspect of the invention, 
the space is filled up with a non-magnetic material. 
[0064] According to the 24th aspect of the invention, a 
cavity is formed in each interpole portion of the rotor 
core. 

[0065] In the above cases, since the cavity or the non- 
magnetic material acts as the magnetic reluctance, it is 
possible to reduce the leakage flux flowing from the pole 
to the interpole effectively. 

[0066] According to the 25th aspect of the invention, 
the object of the present invention described above can 
be also accomplished by a reluctance type rotating 
machine comprising: 

a stator having armature winding; 
a rotor having a rotor core, the rotor being provided, 
in a circumferential direction thereol, with a mag- 
netic unevenness and also defining magnetic poles 
and interpoles in the rotor core by turns; 
a plurality of permanent magnets arranged in the 
rotor core along directions of respective poles of the 
rotor, for negating armature flux passing between 
adjoining poles defined in the rota; and 
a conductor arranged on a peripheral portion of the 
rotor core, for generating an induced current in the 
conductor. 

[0067] With the above-mentioned arrangement of the 
conductor, an induced electromotive force is produced 
in the conductor owing to the electromagnetic induction 
at the machines starting, thereby accomplishing the 
self-starting of the rotating machine. 
[0068] While, since the permanent magnets are mag- 
netized so as to negate the armature flux passing the 
interpoles, each magnetic reluctance in the direction 
along each interpole is increased to produce an une- 
venness in the magnetic flux density at the gap between 
the stator and the rotor. Thus, a great torque can be pro- 
duced in the rotating machine by the resultant change in 
magnetic energy. 

[0069] According to the 26th aspect of the invention, 
in the machine of the 25th aspect, the conductor is con- 
stituted by a plurality of magnetic bars which ar 
embedded in the vicinity of an outer face of each pole of 
the rotor core so as to extend in the axial direction of the 
rotor. 

[0070] In this case, owing to the provision of the mag- 
netic bars as the conductor, the machine is capable of 
self-starting by their conductivity. Additionally, as the 
bars are made of magnetic material, the density of flux 
(main flux) flowing the poles is not reduced, so that 
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there is no possibility to exert an influence on the 
machine torque. 

[0071] According to the 27th aspect of the invention, 
in the machine of the 26th aspect, the rotor has cavities 
formed in respective core portions outside the perma- s 
nent magnets in the radial direction of the rotor. 
[0072] In this case, the magnetic circuit is interrupted 
by each of the cavities; so that the magnetic reluctance 
of the interpoles is further increased. Therefore, the 
change in magnetic energy between each pole and w 
each interpole is so increased thereby to generate a 
great torque. 

[0073] According to the 28th aspect of the invention, 
in the machine of the 27th aspect, the rotor core is pro- 
vided, in the vicinity of an outer face of each interpole, is 
with a plurality of non-magnetic conductor bars extend- 
ing in the axial direction of the rotor and generating an 
induced current therein. 

[0074] In this case, owing to the addition of the non- 
magnetic conductor bars, the self-starting characteristic 20 
of the machine is further progressed. Further, the non- 
magnetism of the bars allows the magnetic reluctance 
of the interpoles to be increased furthermore, so that 
the change in magnetic energy is further increased. 
[0075] According to the 29th aspect of the invention, 25 
in the machine of the 28th. aspect, the cavities of the 
rotor are filled up with part a plurality of non-magnetic 
conductor bars extending in the axial direction of the 
rotor and generating an induced current therein. 
[0076] In this case, since the magnetic circuit is inter- 30 
rupted by the non-magnetic conductor bar in each cav- 
ity, the magnetic reluctance of the interpoles is further 
increased in comparison with the case of only providing 
the cavities in the interpoles. Further, the strength of the 
rotor per se is improved by embedding the bars in the 35 
cavities. 

[0077] According to the 30th aspect of the invention, 
in the machine of the 25th aspect, the conductor com- 
prises a plurality of deep groove magnetic bars which 
are embedded in the vicinity of an outer face of each 40 
pole of the rotor core so as to extend in the axial direc- 
tion of the rotor and a plurality of non-magnetic bars 
which are embedded in the vicinity of an outer face of 
each interpole of the rotor core so as to extend in the 
axial direction of the rotor. as 
[0078] In this case, since the conductive bars are 
embedded along the whole periphery of the rotor core, 
the starting capability similar to a case of using an 
exclusive starting cage can be attained by the conduc- 
tivity of the bars. Further, owing to respective material so 
choices for the poles and interpoles, a difference in 
magnetic reluctance between each pole and each inter- 
pole is increased. Consequently, the change in mag- 
netic energy is further increased. 

[0079] According to the 31st aspect of the invention, 55 
in the machine of the 25th aspect, the conductor is con- 
stituted by a plurality of non-magnetic bars which are 
embedded in the vicinity of an outer face of each inter- 



pole of the rotor core so as to extend in the axial direc- 
tion of the rotor. 

[0080] In this case, the magnetic reluctance in the 
interpoles is increased by the non -magnetism of the 
non-magnetic bars. Further, since the poles is provided 
with no bar, the structure of the rotor is simplified. 
[0081] According to the 32nd aspect of the invention, 
in the machine of the 25th aspect, the conductor is 
adapted so as to cover an outer face of the rotor core. 
[0082] In this case, since the induced current flows in 
the outer periphery of the rotor smoothly due to the con- 
ductivity of the conductor at the machine's starting, the 
machine is capable of starting by itself. In addition, 
since the rotor is covered with the conductor, the 
mechanical strength of the rotor can be Improved. 
[0083] According to the 33rd aspect of the invention, 
in the machine of the 32nd aspect, the conductor has a 
cylindrical shape so as to cover the whole outer face of 
the rotor core. 

[0084] Then, in addition to the improved self-starting 
capability, the cylindrical conductor allows the mechani- 
cal strength to be improved with its simple structure. 
[0085] According to the 34th aspect of the invention, 
in the machine of the 32nd aspect, the conductor is con- 
stituted by a plurality of shell members connected with 
the outer faces of the poles to cover the interpoles. 
[0086] In this case, since the shell members are con- 
nected with the outer faces of the poles, the air resist- 
ance (or windage loss) during the rotor's rotation is 
reduced thereby to enhance a rotational efficiency of 
the rotor. 

[0087] According to the 35th aspect of the invention, 
in the machine of the 25th aspect, the conductor is 
arranged in the vicinity of an outer face of each interpole 
of the rotor core and curved along the circumferential 
direction of the rotor. 

[0088] In this case, when the machine is starting, the 
induced current flows in the interpoles, allowing the self- 
starting of the rotor. 

[0089] According to the 36th aspect of the invention, 
in the machine of the 25th aspect, the conductor has a 
plurality of slits formed in a cylindrical portion of the 
rotor core and arranged along the circumferential direc- 
tion of the rotor. 

[0090] Due to the formation of the slits, the induced 
current at the machine's starting flows while defining a 
long path in the axial and circumferential directions of 
the rotor. Consequently, the magnetic coupling between 
the armature windings and the rotor is reinforced to pro- 
vide a great starting toque for the rotor. 
[0091] According to the 37th aspect of the invention, 
in the machine of the 36th aspect, the conductor is 
formed so as to cover the outer face of the rotor core. 
[0092] In this case, since the induced current flows in 
the outer periphery of the rotor smoothly, it facilitates the 
self-starting of the machine furthermore. In addition, 
since the rotor is covered with the conductor, the 
mechanical strength of the rotor can be further 
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improved. 

[0093] According to the 38th aspect of the invention, 
in the machine of the 37th aspect, the conductor has a 
cylindrical shape so as to cover the whole outer face of 
the rotor core. 5 
[0094] Then, in addition to the improved self-starting 
capability, the cylindrical conductor allows the mechani- 
cal strength to be improved with its simple structure. 
Moreover, the air resistance (or windage loss) during 
the rotor's rotation is reduced thereby to enhance the 10 
rotational efficiency of the rotor. 
[0095] According to the 39th aspect of the invention, 
in the machine of the 38th aspect, the conductor is con- 
stituted by a plurality of shell members connected with 
the outer faces of the poles to cover the interpoles. is 
[0096] Also in this case, since the shell members are 
connected with the outer faces of the poles, it is possible 
to reduce the air resistance (or windage loss) during the 
rotor's rotation, whereby the rotational efficiency of the 
rotor can be enhanced. so 
[0097] According to the 40th aspect of the invention, 
in the machine of the 36th aspect, the conductor is 
arranged in the vicinity of an outer face of each interpole 
of the rotor core and curved along the circumferential 
direction of the rotor. 25 
[0098] Also in this case, when the machine is starting, 
the induced current flows in the interpoles. allowing the 
self-starting of the rotor. 

[0099] According to the 41th aspect of the invention, 
in the machine of the 37th or the 38th aspect, the con- 30 
ductor is made of conductive magnetic material. 
[0100] Then, it is possible to make the rotor s mag- 
netic reluctance against the main flux smaller while 
making the main flux larger. Furthermore, since the slip- 
ping gets smaller at the machine's pulling-in, the 35 
machine is capable of starting and pulling-in with 
respect to such a load as requiring a large torque to 
drive. 

[0101] According to the 42nd aspect of the invention, 
the object of the present invention described above can 40 
be also accomplished by a reluctance type rotating 
machine comprising: 

a stator having armature windings; 
a rotor consisting of a rotor core and an annular 45 
member outside the rotor core; and wherein 
the rotor core includes a plurality of poles each con- 
sisting of a core portion projecting outward in the 
radial direction of the rotor and a plurality of inter- 
poles each disposed between the adjoining poles in so 
the circumferential direction of the rotor; and 
the annular member is fitted to the rotor core so as 
to surround the peripheries of the poles. 

[01 02] In this case, since the peripheries of the poles ss 
of the rotor core is covered with the annular member, 
the interpoles of the rotor is reinforced to allow the 
bridge portions of the interpoles to be thinned. There- 
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fore, the leakage of the q-axis flux through the bridge 
portions is reduced to enhance the magnetic reluctance 
of the interpol s. 

[0103] According to the 43rd aspect of the invention, 
in the machine of the 42nd aspect, the rotor is provided, 
on respective side faces of the poles in the circumferen- 
tial direction, with a plurality of permanent magnets 
which are magnetized so as to negate armature flux 
passing through the interpoles. 
[01 04] In this case, since the permanent magnets' flux 
opposes the q-axis flux, the magnetic reluctance in the 
interpoles is enhanced to improve the output of the 
machine. 

[0105] According to the 44th aspect of the invention, 
in the machine of the 40th. aspect, the annular member 
is made of magnetic material. 

[0106] In this case, the d-axis flux is easy to pass 
through the pole portions, so that the main flux can b 
increased. 

[0107] According to the 45th aspect of the invention, 
in the machine of the 42nd. aspect, the annular member 
is constituted by material of which saturation flux den- 
sity is lower than that of material forming the rotor core. 
[0108] In this case, the resultant rotor (rotor core and 
annular member) has a lowered saturation flux density 
in the bridge portions in comparison with the conven- 
tional rotor where the adjoining poles are connected 
with each other through the rotor core material in the 
interpole. Thus, the magnetic reluctance can be 
enhanced in spite of the bridge portions of the identical 
thickness. 

[01 09] According to the 46th aspect of the invention, 
there is also provided a method of manufacturing a rotor 
of a rotating machine, comprising the steps of: 

preparing a rotor core having a plurality of poles 
each consisting of a core portion projecting outward 
in the radial direction of the rotor and a plurality of 
interpoles each disposed between the adjoining 
poles in the circumferential direction of the rotor; 
arranging a plurality of permanent magnets before 
magnetization on respective side faces of the poles 
in the circumferential direction of the rotor; 
setting the rotor core on a magnetizing unit thereby 
to magnetize the permanent magnets; and thereaf- 
ter, 

fitting an annular member to the rotor core in a 
manner that the annular member surrounds the 
peripheries of the poles. 

[0110] Since the rotor core to be prepared in the 
above method is provided with the pole projecting out- 
ward in the radial direction of the rotor and the inter- 
poles each disposed between the adjoining poles, it is 
possible to approach the pre-magnetized magnets, 
which are attached to the rotor core, to a magnetizer 
easily, facilitating the magnetizing operation for the per- 
manent magnets. 
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[0111] According to the 47th aspect of the invention, 
there is also provided a method of manufacturing a rotor 
of a rotating machine, comprising the steps of: 



[0112] Also in this case, it is possible to easily insert 
the magnetized magnets into spaces each interposed 
between the poles from the outside in the radial direc- 20 
tion of the rotor, facilitating the assembling operation of 
the rotor. 

[0113] These and other objects and features of the 
present invention will become more fully apparent from 
the following description and appended claims taken in 25 
conjunction with the accompany drawing. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0114] 30 

Fig. 1 is a cross sectional view of an earlier reluc- 
tance type rotating machine, taken along a radial 
direction thereof; 

Fig. 2 is a cross sectional view of a reluctance type 35 
rotating machine in accordance with first, second, 
ninth, tenth and eleventh embodiments of the 
present invention, taken along the radial direction of 
the machine; 

Fig. 3 is a cross sectional view of the reluctance 40 
type rotating machine in accordance with the 1st. to 
14th. embodiments, showing the flows of magnetic 
flux due to armature currents along the directions of 
pole axes; 

Fig. 4 is a cross sectional view of the reluctance 45 
type rotating machine in accordance with the 1st. to 
14th. embodiments, showing the flows of magnetic 
flux due to armature currents along the directions of 
interpole axes; 

Fig. 5 is a cross sectional view of the reluctance so 
type rotating machine in accordance with the 1st. to 
14th. embodiments, showing the flows of magnetic 
flux due to permanent magnets; 
Fig. 6 is a cross sectional view of a rotor of the 
reluctance type rotating machine in accordance 55 
with the 3rd. embodiment of the present invention, 
taken along the radial direction of the machine; 
Fig. 7 is a cross sectional view of a rotor of the 



reluctance type rotating machine in accordance 
with the 4th. embodiment of the present invention, 
taken along the radial direction of the machine; 
Fig. 8 is a cross sectional view of a rotor of the 
reluctance type rotating machine in accordance 
with the 5th. embodiment of the present invention, 
taken along the radial direction of the machine; 
Fig. 9 is a cross sectional view of a rotor of the 
reluctance type rotating machine in accordance 
with the 6th. embodiment of the present invention, 
taken along the radial direction of the machine; 
Fig. 10 is a cross sectional view of a rotor of the 
reluctance type rotating machine in accordance 
with the 7th. embodiment of the present invention, 
taken along the radial direction of the machine; 
Fig. 11 is a cross sectional view of a rotor of the 
reluctance type rotating machine in accordance 
with the 8th. embodiment of the present invention, 
taken along the radial direction of the machine; 
Fig. 12 is a cross sectional view of a rotor of the 
reluctance type rotating machine in accordance 
with the 13th. embodiment of the present invention, 
taken along the radial direction of the machine; 
Fig. 13 is a cross sectional view of a rotor of the 
reluctance type rotating machine in accordance 
with the 14th. embodiment of the present invention, 
taken along the axial direction of the machine; 
Fig. 14 is a cross sectional view of a rotor of the 
reluctance type rotating machine in accordance 
with the 14th. embodiment of the present invention, 
taken along the axial direction of the machine; 
Figs. 15A and 15B are cross sectional views of the 
reluctance type rotating machine in accordance 
with the 15th. embodiment and its modification of 
the present invention, taken along the radial direc- 
tion of the machine; 

Fig. 16 is a cross sectional view of the reluctance 
type rotating machine of Fig. 15A, showing the dis- 
tribution of magnetic flux in a rotor when the arma- 
ture current is equal to zero; 
Fig. 17 is a cross sectional view of the reluctance 
type rotating machine of Fig. 15A, showing the dis- 
tribution of magnetic flux due to the armature cur- 
rent of d-axis when the machine is loaded; 
Fig. 18 is a cross sectional view of the reluctance 
type rotating machine of Fig. 15A, showing the dis- 
tribution of magnetic flux due to the armature cur- 
rent of q-axis when the machine is loaded; 
Fig. 1 9 is a cross sectional view of a rotor of a reluc- 
tance type rotating machine as a modification of the 
15th. embodiment; 

Fig. 20 is a cross sectional view of a rotor of the 
reluctance type rotating machine in accordance 
with the 16th. embodiment of the present invention, 
taken along the radial direction of the machine; 
Fig. 21 is a cross sectional view of a rotor of the 
reluctance type rotating machine in accordance 
with the 17th. embodiment of the present invention, 



preparing a rotor core having a plurality of poles 5 
each consisting of a core portion projecting outward 
in the radial direction of the rotor and a plurality of 
interpoles each disposed between the adjoining 
poles in the circumferential direction of the rotor; 
arranging a plurality of permanent magnets after 10 
magnetization on respective side faces of the poles 
in the circumferential direction of the rotor; and 
thereafter, 

fitting an annular member to the rotor core in a 
manner that the annular member surrounds the 15 
peripheries of the poles. 
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taken along the radial direction of the machine; 
Fig. 22 is a cross sectional view of a rotor of the 
reluctance type rotating machine in accordance 
with the 18th. embodiment of the present invention, 
taken along the radial direction of the machine; s 
Fig. 23 is a cross sectional view of a rotor of the 
reluctance type rotating machine in accordance 
with the 19th. embodiment of the present invention, 
taken along the radial direction of the machine; 
Fig. 24 is a cross sectional view of a rotor of the 10 
reluctance type rotating machine in accordance 
with the 20th. embodiment of the present invention, 
taken along the radial direction of the machine; 
Fig. 25 is a cross sectional view of a rotor of the 
reluctance type rotating machine in accordance is 
with the 21st. embodiment of the present invention, 
taken along the radial direction of the machine; 
Fig. 26 is a cross sectional view of a rotor of the 
reluctance type rotating machine in accordance 
with the 22nd. embodiment of the present inven- 20 
tion, taken along the radial direction of the machine; 
Fig. 27 is a cross sectional view of a rotor of the 
reluctance type rotating machine in accordance 
with the 23rd. embodiment of the present invention, 
taken along the radial direction of the machine; 25 
Fig. 28 is a cross sectional view of a rotor of the 
reluctance type rotating machine in accordance 
with the 24th. embodiment of the present invention, 
taken along the radial direction of the machine; 
Fig. 29 is a cross sectional view of a rotor of the 30 
reluctance type rotating machine in accordance 
with the 25th. embodiment of the present invention, 
taken along the radial direction of the machine; 
Fig. 30 is a cross sectional view of a rotor of the 
reluctance type rotating machine in accordance 35 
with the 26th. embodiment of the present invention, 
taken along the radial direction of the machine; 
Fig. 31 is a cross sectional view of a rotor of the 
reluctance type rotating machine in accordance 
with the 27th. embodiment of the present invention, 40 
taken along the radial direction of the machine; 
Fig. 32 is a cross sectional view of a rotor of the 
reluctance type rotating machine in accordance 
with the 28th. embodiment of the present invention, 
taken along the radial direction of the machine; 45 
Fig. 33 is a cross sectional view of a rotor of the 
reluctance type rotating machine in accordance 
with the 29th. embodiment of the present invention, 
taken along the radial direction of the machine; 
Fig. 34 is a cross sectional view of a rotor of the so 
reluctance type rotating machine in accordance 
with the 30th. embodiment of the present Invention, 
taken along the radial direction of the machine; 
Fig. 35 is a cross sectional view of a rotor of the 
reluctance type rotating machine in accordance ss 
with the 31st. embodiment of the present invention, 
taken along the radial direction of the machine; 
Fig. 36 is a cross sectional view of a rotor of the 



reluctance type rotating machine in accordance 
with the 32nd, embodiment of the present inven- 
tion, taken along the radial direction of the machine; 
Fig. 37 is a cross sectional view of a rotor of the 
reluctance type rotating machine in accordance 
with the 33rd. embodiment of the present invention, 
taken along the radial direction of the machine; 
Fig. 38 is a cross sectional view of a rotor of the 
reluctance type rotating machine in accordance 
with the 34th. embodiment of the present invention, 
taken along the radial direction of the machine; 
Fig. 39 is a cross sectional view of a rotor of the 
reluctance type rotating machine in accordance 
with the 35th. embodiment of the present invention, 
taken along the radial direction of the machine; 
Fig. 40 is a cross sectional view of a rotor of th 
reluctance type rotating machine in accordance 
with the 36th. embodiment of the present invention, 
taken along the radial direction of the machine; 
Fig. 41 is a perspective view of a cylindrical conduc- 
tive member employed for the rotor of Fig. 40; 
Fig. 42 is a cross sectional view of the reluctanc 
type rotating machine in accordance with the 37th. 
embodiment of the present invention, taken along 
the radial direction of the machine; 
Fig. 43 is a perspective view of a cylindrical conduc- 
tive member employed for the rotor of Fig. 42; 
Fig. 44 is a cross sectional view of a rotor of the 
reluctance type rotating machine in accordance 
with the 38th. embodiment of the present invention, 
taken along the radial direction of the machine, 
Fig. 45 is a cross sectional view of a rotor of the 
reluctance type rotating machine in accordance 
with the 39th. embodiment of the present invention, 
taken along the radial direction of the machine; 
Fig. 46A is a cross sectional view of a rotor of the 
reluctance type rotating machine in accordance 
with the 40th. embodiment of the present invention, 
taken along the radial direction of the machine and 
Fig. 46B is a perspective view of a shell member 
(conductor) of Fig. 46A; 

Fig. 47 is a cross sectional view of a rotor of the 
reluctance type rotating machine in accordance 
with the 41st. embodiment of the present invention, 
taken along the radial direction of the machine; 
Fig. 48A is a cross sectional view of a rotor of the 
reluctance type rotating machine in accordance 
with the 42nd. embodiment of the present inven- 
tion, taken along the radial direction of the machine 
and Fig. 48B is a perspective view of a shell mem* 
ber (conductor) of Fig. 48 A; 
Fig. 49 is a cross sectional view of a reluctance type 
rotating machine in accordance with the 43rd. 
embodiment of the present invention, taken along 
the radial direction of the machine; 
Fig. 50 is a cross sectional view of the reluctance 
type rotating machine of the 43rd. embodiment, 
showing the flux distribution due to armature cur- 
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rent of d-axis; 

Fig. 51 is a cross sectional view of the reluctance 
type rotating machine of the 43rd. embodiment, 
showing the flux distribution due to armature cur- 
rent of q-axis; 

Fig. 52 is a cross sectional view of a reluctance type 

rotating machine in accordance with the 44th. 

embodiment of the present invention, taken along 

the radial direction of the machine; 

Figs. 53A to 53D are schematic views showing a 

method of manufacturing a rotor of the reluctance 

type rotating machine of the 44th, embodiment of 

the present invention; and 

Fig. 54 is a schematic plan view of an earlier rotor. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

[01 15] A great number of embodiments of the present 
invention will be described with reference to the draw- 
ings. Note, common elements in some groups of the 
embodiments arc indicated with the same reference 
numerals, respectively. 

[1st embodiment] 

[01 1 6] Fig. 2 is a cross sectional view of a reluctance 
type rotating machine in accordance with the first 
embodiment of the present invention, taken along the 
radial direction of a rotor of the machine. In Fig. 2, a sta- 
tor 1 includes armature windings 2 and accommodates 
a rotor 3 therein. The rotor 3 includes a rotor core 4 and 
permanent magnets 6. The rotor core 4 defines both 
easy-directions and hard-directions for magnetization. 
That is according to the embodiment, the rotor core 4 is 
composed of a plurality of laminated electromagnetic 
steel plates each having cavities 5 formed for accom- 
modating eight permanent magnets therein. The eight 
cavities 8 are arranged in a cross manner, forming four 
salient-poles. Thus, each core portion interposed 
between two parallel cavities 5 forms a magnetic projec- 
tion to provide each pole 4a (magnetic pole portion), 
while each core portion between two adjacent cavities 5 
in the vertical relationship forms a magnetic recess to 
provide an interpole 4b (magnetic interpole portion). 
Further arranged in the cavities 5 are permanent mag- 
nets 6 each of which is magnetized so as to negate flux 
of armature current flowing between the adjacent poles 
4a (i.e. interpole 4b). That is, the permanent magnets 6 
on both sides of each pole 4a are identical to each other 
in terms of the magnetizing direction, while the magnet- 
izing directions of the permanent magnets 6 on both 
sides of each interpole 4b are opposite to each other in 
the circumferential direction of th rotor 3. Preferably, 
the permanent magnets 6 are magnetized in the sub- 
stantially-circumferential direction and more preferably, 
they are magnetized in respective directions substan- 
tially perpendicular to the pole axes. Recommended for 
the permanent magnets 6 is rare-earth permanent mag- 



nets of high energy product, preferably. Nd-Fe-B perma- 
nent magnets. 

[01 1 7] A magnetic portion 7 is ensured between each 
pole 4a and each interpole 4b and also between the end 

5 of each permanent magnet 6 and the periphery of the 
rotor core 4 in a manner that 30 to 60 % of flux that the 
permanent magnets 6 generate at the machine's no- 
excitation does distribute in the rotor 3. Since the per- 
manent magnets 6 are arranged on the sufficient inside 
w of the rotor core 4 in this embodiment, the flux of the 
permanent magnets 6 is magnetically closed in a short- 
circuit through the magnetic portions 7 as magnetic 
paths. The radial thickness of each magnetic portion 7 
and the thickness and surface area of each permanent 

is magnet 6 are determined so that, preferably, 30 to 40 % 
of flux of the permanent magnets 6 is distributed in the 
rotor 3 when the machine is not excited. Further, the 
radial thickness of each magnetic portion 7 and the 
thickness and surface area of each permanent magnet 

20 6 are also determined so that, when the machine is 
loaded, the interlinkage flux of the windings 2 by the 
permanent magnets 6 amounts to 10 to 60% of com- 
posite interlinkage flux of the currents and permanent 
magnets, more preferably, 30 to 50 % of the same. 

25 [01 18] Further, the radial thickness of each magnetic 
portion 7 and the thickness and surface area of each 
permanent magnet 6 are also determined so that, in the 
magnetic flux of the permanent magnets 6 at an air gap, 
the amplitude in a fundamental component of the mag- 

30 netic flux density of the permanent magnets 6 is 0.2 to 
0.6 T, more preferably 0.35 to 0.45T 
[01 1 9] According to the embodiment, a circular thick- 
ness W of the pole 4a in the circumferential direction is 
established to be 0.3 to 0.5 times as long as a pole pitch 

35 L (a circumferential distance from the center of a pale to 
that of the neighboring pole). 
[01 20] Next, we describe the operation of the rotating 
machine. 

[0121] Fig. 3 shows the flux $ d by the d-axis armature 
40 current along the directions of pole axes of the rotor 
core 4. In the shown structure, since the magnetic path 
is constituted by the core of the poles 4a, the flux is easy 
to flow because the magnetic reluctance is remarkably 
small. Note, in Fig. 3, reference numeral 8 designates 
45 one of non -mag netic portions. 

[01 22] Fig. 4 shows the flux $ q by the q-axis armature 
current along the directions of radial axes passing the 
centers of the interpoles 4b. Although the magnetic flux 
<t> q of the interpoles 4b forms the magnetic paths cross- 
so ing the permanent magnets 6 in the interpoles 4b, the 
flux by the armature current is reduced by the action of 
high reluctance of the permanent magnets 6 since the 
relative permeability of the permanent magnet 6 is sub- 
stantially equal to 1 . 
55 [0123] Since the permanent magnets 6 are magnet- 
ized in the substantial perpendicular direction to the 
pole axes, the flux from one pole of each permanent 
magnet 6 flows the magnetic portion 7 in the vicinity of 
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the periphery of the core 4 and the sequent pole 4a and 
finally returns another pole of the magnet 6, forming a 
magnetic circuit $ ma, as shown in Fig. 5. Further, the 
flux of each magnet 6 partially flows into the stator 1 
through a clearance and returns to the magnet 6 via the 
neighboring permanent magnet 6 and the pole 4a, 
thereby defining a magnetic circuit $ mb. 
[0124] As shown in Fig. 4, since the interlinkage flux 
of the magnets 6 is distributed in the opposite direction 
to the magnetic flux $ q of the interpoles 4b, the inter- 
linkage flux of the magnets 6 repels the armature flux $ 
q entering from the interpoles 4b for their mutual nega- 
tion. In the gap portion above the interpoles 4b, the gap 
flux density produced by the armature current is 
reduced due to the flux of the permanent magnets 6 to 
change widely in comparison with the gap flux density 
above the poles. That is, the change of gap flux density 
is increased with respect to the position of the rotor 3, so 
that the change of magnetic energy grows larger. Fur- 
ther, owing to the provision of the magnetic portions 7 
on the boundary between the poles and the interpoles, 
when the machine is loaded, the rotor is subjected to 
great magnetic saturation by load currents. Conse- 
quently, the magnetic flux of the magnets 6 distributing 
between the poles does increase. Thus, as there is pro- 
duced a great unevenness in the distribution of gap flux 
owing to the magnetic reluctance and flux of the perma- 
nent magnets, the resultant magnetic energy is remark- 
ably changed thereby to produce a large output. 
[01 25] Next, we describe the adjusting range of termi- 
nal voltage required for operating the machine at a wide 
range of variable speeds. 

[0126] Since each permanent magnet is disposed in 
the only part of the interpole portion in the rotating 
machine of the embodiment, the surface area of the 
permanent magnet on the peripheral side of the rotor is 
smaller than that of the conventional rotating machine 
where the permanent magnets are arranged about the 
whole periphery of the rotor surface, so that the inter- 
linkage flux by the magnets is also decreased. 
[0127] Additionally, when the machine is not excited, 
considerable flux of the permanent magnets 6 f bws the 
magnetic portions 7 to be leakage flux in the rotor core. 
Therefore, as the induced voltage can be minimized 
remarkably under this state, the core loss will be 
reduced when the machine is not excited. Further, when 
the windings 2 are closed in a short circuit then the 
excess current will get smaller. 
[0128] When loaded, the terminal voltage is induced 
since the interlinkage flux due to the armature current 
(an exciting current component and a torque current 
component of the reluctance rotating machine) is added 
to the interlinkage flux due to the permanent magnets 6. 
[0129] In the permanent magnet type rotating 
machine, it is possible to adjust the terminal voltage 
because the interlinkage flux of the permanent magnets 
6 occupies almost the whole t rminai voltage. On the 
contrary, since the rotating machine of the invention has 



a small interlinkage flux of the permanent magnets 6, 
the wide adjustment of the exciting current component 
allows the terminal voltage to be adjusted over a wide 
range. That is, since the exciting current component can 
5 be adjusted so that the voltage is less than a power 
source voltage corresponding to the velocity, the rotat- 
ing machine is capable of a wide range of variable- 
speed operation from the base speed at a constant volt- 
age. 

io [0130] Further, as the rotating machine does not 
restrict the voltage by its forcible fieW-weakening con- 
trol, there would be no possibility of the occurrence of 
over-voltage even if the control is not effected at the 
machine's rotation at high speed. 

75 [01 31 ] Additionally, since the partial flux <(> ma of each 
permanent magnet 6 jeaks through the magnetic por- 
tion 7 of the short circuit, it is possible to reduce diamag- 
netic field inside the permanent magnet 6. Thus, sine 
an operating point on a demagnetizing curve express - 

20 ing the B(magnetic flux) -H(f ield intensity) characteristics 
of the permanent magnet is elevated (causing a large 
permeance coefficient), the demagnetizing-proof char- 
acteristics with respect to both temperature and arma- 
ture reaction is improved. Simultaneously, since th 

25 permanent magnets 6 are embedded in the rotor core 4. 
it acts as a retaining mechanism of the permanent mag- 
nets 6. so that the rotating machine can ensure its high- 
speed operation. 

[01 32] Since the circular thickness W of the pole 4a in 
30 the circumferential direction is established to be 0.3 to 
0.5 times as long as the pole pitch L (the circumferential 
distance from the center of a pole to that of the neigh- 
boring pole), it is possible to increase the change of 
magnetic flux density distribution of the gap effectively, 
35 thereby accomplishing the high-output rotating 
machine. 

[2nd Embodiment] 

40 [0133] The reluctance type rotating machine of the 
2nd. embodiment will be described with reference to 
Fig. 2. 

[01 34] In this embodiment, parts similar to those of th 
1st. embodiment will be eliminated in the description. 

45 [0135] According to the embodiment, the magnetic 
portion 7 is ensured between each pole 4a and each 
interpole 4b and also between the end of each perma- 
nent magnet 6 and the periphery of the rotor core 4 so 
that 80 % or more of flux that the permanent magnets 6 

so generate at the machine's no-excitation does distribut 
in the rotor 3 Additionally, the radial thickness of each 
magnetic portion 7 and the thickness and surface area 
of each permanent magnet 6 are respectively formed 
thicker than those of the 1st. embodiment. In other 

55 words, they are determined so that, preferably, 90 to 95 
% of flux of the permanent magnets 6 is distributed in 
the rotor 3 at the machine's exciting. 
[0136] Moreover, the radial thickness of each mag- 
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netic portion 7 and the thickness and surface area of 
each permanent magnet 6 are also determined so that, 
when the machine is loaded, the interlinkage flux of the 
windings 2 by the permanent magnets 6 amounts to 5 % 
or more of composite interlinkage flux of the currents 5 
and permanent magnets, more preferably, 10 to 30 % of 
the same. 

[01 37] Although the 2nd embodiment is similar to the 
list, embodiment in terms of the machine's basic opera- 
tion, the induced voltage is remarkably small since 80% 10 
or more flux generated by the magnets 6 is distributed in 
the rotor 3. Consequently, even if the short circuit is 
caused in the power source or so, a current originating 
in the voltage induced by the permanent magnets 6 is 
so insignificant to prevent the machine from being 15 
burned or braked excessively. 

[0136] Furthermore, the rotating machine of the 2nd. 
embodiment operates as follows. Since almost all the 
flux of each permanent magnet 6 leaks through the 
magnetic portion 7 of the short circuit, it is possible to 20 
reduce diamagnetic field inside the permanent magnet 
6 remarkably. Thus, since an operating point on the 
demagnetizing curve expressing the B(magnetic flux)- 
H(field intensity) characteristics of the permanent mag- 
net is also elevated (causing a large permeance coeffi- 25 
cient). it is possible to use the permanent magnets 
having a deteriorated temperature characteristic, at a 
temperature of 50 to 200°C. For example, even if flowing 
a large current of two or three times as large as a rated 
current in an atmosphere of high-ternperature, it is pos- 30 
sible to use the Md-Fe-B magnet, which has a high 
magnetic energy product (40 MGOe) in spite of the 
deteriorated temperature characteristic, without being 
demagnetized owing to its armature reaction. 

35 

[3rd embodiment] 

[01 39] Fig. 6 is a radial sectional view of a rotor of the 
reluctance type rotating machine of the 3rd. embodi- 
ment of the present invention. 40 
[0140] According to this embodiment, the rotor core 4 
is provided with a geometric unevenness. As the other 
constituents are similar to those of the 1st. and 2nd. 
embodiments, theft overlapping descriptions will be 
eliminated. 45 
[0141] Owing to the provision of the geometric une- 
venness, the change of flux distribution about the gap is 
further enlarged and therefore, the reluctance torque is 
further increased. 

50 

[4th embodiment] 

[0142] Fig. 7 is a radial sectional view of a rotor of the 
reluctance type rotating machine of the 4th. embodi- 
ment of the present invention. 55 
[0143] According to this embodiment, the rotor core 4 
is provided, at a center of each interpole 4b, with a cav- 
ity 8 having a fan-shaped section as a first non-mag- 



netic part. Provided on the periphery of each cavity 8 is 
a magnetic portion 9 which operates to connect the pole 
4a with the neighboring pole 4a magnetically. As the 
other constituents are similar to those of the 1st. 
embodiment, their overlapping descriptions will be elim- 
inated. 

[0144] Since the non-magnetic portion is defined 
between the adjoining poles 4b by the fan-shaped cavity 
8, the magnetic reluctance in the interpole direction is 
remarkably increased. Consequently, the reluctance 
torque is remarkably increased. Furthermore, the inter- 
linkage flux of the magnets 6 from the interpoles 4b is 
restricted by the fan-shaped cavities 8. Therefore, the 
torque due to the permanent magnets and current 
decreases, while the reluctance torque increases. That 
is, without lowering both torque and output, it is possible 
to reduce the induced voltage due to the permanent 
magnets 6. 

[0145] Additionally, owing to the provision of the mag- 
netic portions 9 each of which connects the adjoining 
poles 4a with each other, the rotor core 4 uniformly 
spreads over the whole periphery of the rotor 3 with 
respect to core teeth of the stator 1 . Consequently, the 
change of magnetic reluctance caused by slots of the 
stator 1 gets smaller while decreasing the slot ripple. 
Further, the smooth surface of the rotor 3 allows the 
windage loss to be reduced. It is also possible to restrict 
the demagnetizing field, which is caused by the arma- 
ture current acting on the permanent magnets 6, owing 
to the magnetic Portions 9 outside the interpoles 4b. 

[5th Embodiment] 

[0146] Fig. 8 is a radial sectional view of a rotor of the 
reluctance type rotating machine of the 5th. embodi- 
ment of the present invention. 
[0147] In the rotating machine of this embodiment, a 
shortened permanent magnet 6 and an aluminum mate- 
rial 12 as a second non-magnetic part are provided in 
each cavity 5 of the rotor core 4. As the other constitu- 
ents are similar to those of the 1st. and 4th. embodi- 
ment, their overlapping descriptions will be eliminated. 
As the other constituents are similar to those of the 1st. 
embodiment, their overlapping descriptions will be elim- 
inated. 

[0148] Owing to the provision of the non-magnetic alu- 
minum material 12 on the inner end of each permanent 
magnet 6, it is possible to prevent the flux from leaking 
into the interpole direction, whereby the reduction of 
reluctance torque can be restricted. Further, it is possi- 
ble to decrease the leakage of flux from the permanent 
magnet 6 on the inner side of the core 4. Therefore, it is 
possible to reduce a volume of each permanent magnet 
6 without remarkably deteriorating the output character- 
istic of th machine. 
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[6th embodiment] 

[0149] Fig. 9 is a radial sectional view of a rotor of the 
reluctance type rotating machine of the 6th. embodi- 
ment of the present invention. 
[01 50] According to the embodiment, the rotor core 4 
is provided, on a periphery thereof, with a geometric 
unevenness. As other constituents are similar to those 
of the 1st. and 5th. embodiments, overlapping descrip- 
tions are eliminated. 

[0151] Owing to the provision of the geometric une- 
venness, the change of flux distribution about the gap is 
further increased, so that the reluctance torque is fur- 
ther increased. As to the other operation and effect, this 
embodiment is similar to the 1st. and 5th. embodiments. 

[7th Embodiment] 

[01 52] Fig. 1 0 is a radial sectional view of a rotor of the 
reluctance type rotating machine of the 7th. embodi- 
ment of the present invention. 

[0153] According to the embodiment, in each interpole 
4b of the core 4, two permanent magnets 6 are 
arranged in the vicinity of the periphery of the rotor core 
and magnetized in the circumferential direction of the 
rotor 3. These permanent magnets 6 are characterized 
by their magnetizing directions opposing with each 
other and arranged so as to form a magnetic circuit by a 
magnetic portion 10 at the center of the interpole axis 
and the magnetic portion 9 as the magnetic paths. Fur- 
ther, the fan-shaped cavity 8 is formed on the inner 
peripheral side of the permanent magnets 6 and the 
magnetic portion 10 interposed therebetween. As other 
constituents are similar to those of the 1st. embodiment, 
their overlapping descriptions are eliminated. 
[01 54] Owing to the provision of the fan-shaped cavi- 
ties 8 as the first non-magnetic parts, it is possible to 
provide a rotor where the flux of the permanent mag- 
nets 6 is distributed the outer magnetic portions 9 of the 
rotor and the stator 1 without a large increase of mag- 
netic reluctance outside the magnets 6. That is, since 
the fair-shaped cavities 8 do not increase the magnetic 
reluctance outside the permanent magnets 6, it is pos- 
sible to ensure the sufficient flux in spite of small quan- 
tity of permanent magnets. 

[0155] Further, the flux of each permanent magnet 8 
is interrupted by each cavity 8 as the first non-magnetic 
part and closed in a short circuit through the outer mag- 
netic portion 9 as the magnetic path. When the flux due 
to the load current overlaps, each magnetic portion 7 
between the pole 4a and the interpole 4b and the outer 
magnetic portion 9 are subjected to the magnetic satu- 
ration, so that the flux of the permanent magnets 6 clos- 
ing in the rotor 3 interlinks with the armature windings 2 
of the stator 1. Ther tore, when the machine is not 
loaded, th induced voltage due to the interlinkage flux 
of the permanent magnets 6 is so small, whereby the 
flux of the permanent magnets 6 can be utilized effec- 



tively under the loaded condition. As to the other opera- 
tion and effect, this embodiment is similar to the 1st. 
embodiment. 



[01 56] Fig. 1 1 is a radial sectional view of a rotor of the 
reluctance type rotating machine of the 8th. embodi- 
ment of the present invention. The rotating machine of 

w the embodiment is characterized in that, as to the gap 
between the rotor core 4 and the stator 1, a gap length 
about the interpole 4b in the radial direction is larger 
than that about the pole 4a. For example, the gap length 
1a of the pole 4a is equal to 0.6 mm, while the gap 

is length 1b of the interpole 1b is set to 1 .8 mm. As other 
constituents are similar to those of the 1st. and 7th. 
embodiment, their overlapping descriptions are elimi- 
nated. 

[0157] Since the gap length 1a of the pole 4a is 

20 smaller than the gap length 1b of the interpole 1b. the 
magnetic unevenness is enlarged, so that the reluc- 
tance torque does increase. Simultaneously, since the 
circumferential gap length of the interpole 4b is rela- 
tively long, there is an increase in flux of each perma- 

25 nent magnet 6 closing in the rotor 3 through the 
magnetic portion 9 as the magnetic path, accompany- 
ing a decrease in flux of the permanent magnet 6 inter- 
linking with the stator windings 2. 
[01 58] When the flux of current overlaps at the time of 

30 the machine being loaded, each magnetic portion 7 
between the pole 4a and the interpole 4b and the outer 
magnetic portion 9 are locally subjected to the magnetic 
saturation, so that the flux of the permanent magnets 6 
closing in the rotor 3 interlinks with the armature wind- 

35 ings 2 of the stator 1 . Therefore, when the machine is 
not loaded, the induced voltage due to the interlinkage 
flux of the permanent magnets 6 is so small, whereby 
the flux of the permanent magnets 6 can be utilized 
effectively under the loaded condition. As to the other 

40 operation and effect, this embodiment is similar to th 
1st. and 7th. embodiments. 

[9th embodiment] 

45 [0159] The rotating machine of this embodiment is 
identical to that of the 1st. embodiment of Figs. 1 to 4 
with respect to the basic constitution and therefore, the 
overlapping descriptions are eliminated. According to 
the embodiment, there are established a radial thick- 
so ness of each magnetic portion 7, thickness and surface 
area of the permanent magnet 6, a volume of the non- 
magnetic portion 8, a thickness of the magnetic portion 
between the non-magnetic portion 8 and the periphery 
of the core, etc. on the around that, when the machine 
55 is loaded, the flux of armature curr nt in the direction of 
the central axis of the interpole 4b negates the flux of 
each permanent magnet 6 and therefore, the resultant 
composite flux in the interpole direction amounts to sub- 
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stantial zero. 

[01 60] When applying the load current, the flux * q of 
the armature current negates the flux <f> m of the perma- 
nent magnets 6, so that the composite flux in the center 
axis of the interpole amounts to zero. Therefore, the s 
voltage induced by the flux in the central axis of the 
interpole becomes to be zero, too. Thus, since the ter- 
minal vdtage is induced by the flux in the direction of 
pole, low voltage and high output can be provided for 
the rotating machine. w 
[0161] Additionally, the constant output characteristic 
can be obtained with ease. As the reluctance torque is 
a product of both exciting current and torque current 
component of the armature, the output is obtained by a 
product of the exciting current, the torque current com- is 
ponent and the rotating speed. Upon fixing the armature 
current component (torque current) forming the flux in 
the direction of interpole axis into a constant value so 
that the composite flux in the direction of center axis of 
the interpole amounts to zero, by adjusting the armature 20 
current component (exciting current) with respect to the 
rotating speed in inverse proportion to each other, the 
constant output characteristic where torque times rotat- 
ing speed is constant can be accomplished. As to the 
other operation and effect, this embodiment is similar to 25 
the 1st. embodiment. 

[10th embodiment] 

[0162] The rotating machine of this embodiment is 30 
identical to that of the 1st. embodiment of Figs. 1 to 4 
with respect to the basic constitution and therefore, the 
overlapping descriptions are eliminated. According to 
the embodiment, there are established a radial thick- 
ness of each magnetic portion 7, thickness and surface 35 
area of the permanent magnet 6, a volume of the non- 
magnetic portion 8, a thickness of the magnetic portion 
between the non-magnetic portion 8 and the periphery 
of the core, etc. on the ground that, when the armature 
current component forming the flux in the direction of 40 
center axis of the interpole is maximum, the flux <(> q of 
armature current in the direction of the central axis of 
the interpole 4b negates the flux 4m of each permanent 
magnet 6 and therefore, the resultant composite flux in 
the interpole direction amounts to substantial zero. 45 
[0163] In the embodiment, the maximum current for 
the rotating machine is divided into two vector compo- 
nents crossing at right angles, i.e.. an armature current 
component forming the flux in the direction of center 
axis of the interpole and another armature current form- so 
ing the flux in the direction of pole. When the maximum 
current of armature (composite vector) intersects the 
armature current component forming the flux in the 
direction of center axis of interpole at angles of 45 
degrees, a maximum of reluctance torque can be 55 
obtained. The rotating machine of the embodiment is 
constructed in a manner that, at this current phase, the 
flux of armature current in the direction of the central 



axis of the interpole negates the flux of each permanent 
magnet 6 and therefore, the resultant composite flux in 
the interpole direction amounts to substantial zero. 
Therefore, when the induced voltage is raised during 
the machine's operation at a high rotating speed range, 
the machine allows the armature current component 
(i.e. exciting current component) forming the flux in the 
direction of pole to be adjusted smaller, whereby the 
constant induced voltage can be attained. Conse- 
quently, it is possible to realize a wide range of variable- 
speed operation and a high power factor under the con- 
stant output. As to the other operation and effect, this 
embodiment is similar to the 1st. embodiment. 

[11th embodiment] 

[0164] The rotating machine of this embodiment is 
identical to that of the 1st. embodiment of Figs. 1 to 4 
with respect to the basic constitution and therefore, the 
overlapping descriptions are eliminated. According to 
the embodiment, there are established a number of flux 
of the permanent magnets 6 interlinking with the arma- 
ture windings in case of zero in armature current, a 
radial thickness of each magnetic portion 7, thickness 
and surface area of the permanent magnet 6, a volume 
of the non-magnetic portion 8, a thickness of the mag- 
netic portion between the non-magnetic portion 8 and 
the periphery of the core, etc., so as to meet the follow- 
ing conditions. That is, in connection with the armature 
current produced by the flux of the permanent magnets 
6 when the machine is electrically closed in a short cir- 
cuit, the above factors are respectively determined in a 
manner that the heat derived from Joule-loss originating 
in the above armature current is less than a thermal 
allowable value of the machine or the braking force pro- 
duced by the above armature current is less than an 
allowable value of the machine. 
[0165] Generally; if there is remained any flux of the 
permanent magnets 6 which interlinks with the arma- 
ture windings 2 when an electrical short-circuit accident 
is caused in an inverter, a terminal or the like, the rota- 
tion of the rotor 3 causes an induced voltage to be gen- 
erated. Due to this induced voltage, the short-circuit 
current may flow in the armature windings for burning or 
an operation of the apparatus may be locked by exces- 
sive brake torque. As mentioned in the 1st. and 2nd. 
embodiments, since the high output of the machine is 
accomplished by the interlinkage flux from small 
number of permanent magnets 6, it is possible to 
reduce the induced voltage in order to establish both 
short-circuit current and brake less than the allowable 
values, respectively. Consequently, even if occurring the 
short-circuit accident, it would be possible to prev nt 
troubles in the rotating machine and the apparatus. As 
to the other operation and effect, this embodiment is 
similar to the 1st. embodiment. 
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[12th embodiment] 

[0166] The reluctance type rotating machine of this 
embodiment is provided by arranging the permanent 
magnets 6 between the adjoining poles of the rotor core 
4 and fulfilling the cavities 8 as the first non-magnetic 
parts with copper or aluminum material. The rotating 
machine ol this embodiment is identical to that of the 
1st. and 4th. embodiments with respect to other constit- 
uents and therefore, the overlapping descriptions are 
eliminated. 

[0167] With the arrangement of conductive materials 
of copper or aluminum in the cavities 8, an eddy current 
is generated in the conductive materials when the rotor 
3 does not synchronize with the rotating field, so that the 
rotor can enter its synchronous rotation. That is, the 
self -starting and stable rotation of the rotating machine 
can be realized. As to the other operation and effect, 
this embodiment is similar to the 1st. and 4th. embodi- 
ments. 

[13th embodiment] 

[01 68] Fig. 1 2 is a radial sectional view of a rotor of the 
reluctance type rotating machine of the 13th. embodi- 
ment of the present invention. 
[0169] According to the embodiment, many orifices 
are formed around the periphery of the rotor core 4 and 
copper bars 13 are inserted into the orifices, respec- 
tively The copper bars 13 have respective ends electri- 
cally connected with each other. The rotating machine 
of this embodiment is identical to that of the 1 st. and 4th. 
embodiments with respect to other constituents and 
therefore, the overlapping descriptions are eliminated. 
[0170] Since the induced current flows in the copper 
bars 13 at the machine's asynchronous operation, the 
self-starting and stable rotation of the rotating machine 
can be realized. Further, it is possible to absorb the 
eddy current by harmonic current when driving the 
inverter. As to the other operation arid effect, this 
embodiment is similar to the 1st. and 4th. embodi- 
ments., 

[14th embodiment) 

[01 71 ] Figs. 1 3 and 1 4 are axially sectional views of a 
rotor of the reluctance type rotating machine of the 14th. 
embodiment of the present invention. 
[0172] The reluctance type rotating machine of the 
embodiment is characterized by a pair of magnetic end 
rings 12 disposed on both axial ends of the rotor core 4. 
The rotor 3 of the embodiment is constituted by the rotor 
core 4 and the end rings 12. The other constitution is 
similar to that of the rotating machine of the 1 st. embod- 
iment 

[01 73] The rotating machine of the embodiment oper- 
ates as follows. 

[0174] When the rotor 3 is subjected to an armature 



reaction field in the opposite direction to the magnetized 
direction of each permanent magnet 6 in the rotor core 
4 by the armature current, a part of magnetic flux $ m of 
the permanent magnets 6 forms closed magnetic paths 

s 51 each flowing the core 4 in the axial direction, entering 
into the end ring 12 and returning the core 4. That is, 
according to the embodiment, since the leakage flux 
can be produced effectively, it is possible to adjust the 
amount of interlinkage flux between the armature wind- 

70 ings 2 and the permanent magnets 6, whereby the ter- 
minal voltage can be controlled by the armature current 
with ease. In addition, as shown in Fig. 14, it is possible 
to adjust the ratio of leakage flux to effective flux by con- 
trolling a clearance 13 between the rotor core 4 and 

75 each end ring 12. As to the other operation and effect, 
this embodiment is similar to the 1 st. embodiment. 

[15th embodiment] 

20 [01 75] Fig. 1 5A is a cross sectional view of the reluc- 
tance type rotating machine in accordance with the first 
embodiment of the present invention, taken along the 
radial direction of the rotor of the machine. As similar to 
the previously- mentioned embodiments, the machine 

25 comprises the stator 1 provided with the armature wind- 
ings 2 of four poles and the generally cylindrtcally- 
shaped rotor 3. As the structure of the rotor 3. the rotor 
core 4 is constituted by a generally cylindrical member 
of magnetic material, such as soft steel called "S45C", 

30 or a laminated member of generally circular silicon steel 
plates. Formed at intervals of the width of a magnetic 
pole along the directions of respective pole axes in the 
rotor core 4 are the cavities 5 each of which is in the 
form of an semi-arrow. That is, according to the embod- 

35 iment, since four magnetic poles are cross-shaped in 
the armature windings 2, the cavities 5 are formed so as 
to interpose respective poles therebetween from both 
sides of the pole, correspondingly. 
[0176] In order to define the magnetic unevenness, 

40 respective fan-shaped portions each interposed by the 
adjoining poles of the core 4, namely; four interpoles 
have outer peripheries somewhat recessed in compari- 
son with outer peripheries of the cross-shaped poles. 
Consequently, a gap portion 17 is defined between the 

45 periphery of each interpole and the stator 1 . Note, as 
shown in Fig. 1 5A, each cavity 5 is formed to have an 
outer end positioned inside the periphery of each inter- 
pole in the radial direction of the rotor 3. Additionally, the 
cavities 5 are formed so that respective inner ends in 

bo the radial direction of the rotor 3 do not interfere with 
each other. 

[01 77] In the so-formed cavities 5, the rectangular per- 
manent magnets 6, such as magnets of Nd-Fe-B type, 
are embedded in a manner that respective longitudinal 
55 ends thereof come in touch with the inner ends of the 
cavities 5, while the other longitudinal ends of the mag- 
nets 6 leave triangular spaces 5a in the cavities 5. 
These permanent magnets 6 are retained in the cavities 
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5 by means of an adhesive, for example. Each magnet 

6 is magnetized in a direction perpendicular to the pole 
axis. Additionally, the magnets 6 are arranged so that 
the flux <)> in generated from the magnets 6 stands up to 
the leakage flux of the armature windings 2 flowing into 5 
the area of the interpoles. In detail, the permanent mag- 
nets 6 on both sides of each pole as a center are both 
identical in magnetizing direction and perpendicular to 
the pole. Also, the permanent magnets 6 on both sides 

of each interpole as a center have opposite magnetizing 10 
directions to each other in the circumferential direction 
of the rotor core 4. 

[01 78] Fig. 1 5B shows a modification of the reluctance 
type rotating machine of Fig. 15A. In this rotating 
machine, fan-shaped cavities 8 are formed in the inter- 15 
pole portion in the rotor core 4. The shape of the space 
5a is changed to a rectangular shape so as not to inter- 
fere with the cavities 8. 

[01 79] The above-mentioned reluctance type rotating 
machine operates as follows. 20 
[0180] Fig. 16 shows the flux distribution in the rotor 3 
in a so-called "unloaded condition where no current 
flows in the armature windings 2 so that the flux from the 
windings 2 does not flow in the rotor 3. Generally in the 
rotor structure where the permanent magnets 6 are 25 
embedded, the short-circuit current flows in the arma- 
ture windings 2 in the unloaded condition due to the 
magnetic flux <t> ma generated from the permanent mag- 
nets 6 themselves, so that the brake force is exerted on 
the rotor 3. However, since the rotor 3 of the embodi- 30 
ment employs the structure to leave a part of core out- 
side each permanent magnet 6, the flux 4 ma forms a 
closed circuit about each permanent magnet 6 as 
shown in Fig. 16, thereby nullifying the induced voltage 
generating in the armature windings 2 in the unloaded 35 
condition. Therefore, no braking force is applied on the 
rotor 3, so that it is possible to maintain the steady-state 
rotation of the rotor 3. Note, in order to prevent the 
induced voltage from occurring in the armature wind- 
ings 2, we, the inventor et al. found in accordance with 40 
our experiments it desirable to adjust the position of the 
embedded permanent magnets 6, in other words, a 
radial thickness of a core portion 7 at the circumferential 
end of the interpole (i.e. a core portion between the 
space 5a and a periphery of the interpole) so that at 45 
least the magnetic flux density of the permanent mag- 
nets 6 interlinking with the armature windings 2 gets 
less than 0.1 [T] at the gap 17 under the "zero" current 
condition. 

[0181] While, Fig. 1 7 shows the flux distribution in the so 
rotor 3 under the loaded condition. In this state, since 
the current flows in the armature windings 2, the flux <|> d 
is generated by the armature current of d-axis. The 
magnetic flux <|> d contains not only a main flux flowing in 
the poles of the roan cure 4 as the magnetic paths but a 55 
leakage flux passing from the pole to the adjoining pole 
through a core portion on the periphery of the interpole. 
Due to the leakage flux and the flux (f> ma from the per- 
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manent magnet 6, the core portion (magnetic part) 7 at 
the circumferential margin of the interpole is saturated 
magnetically. Therefore, this magnetic saturation 
causes the flux 4 ma from the permanent magnet 6 to 
pass through the core portion 7 with difficulty, so that the 
flux 4 ma is associated with that of the adjoining perma- 
nent magnet 6, thereby forming the flux 4 mb passing 
through the interpoles for the stator 1, as shown with 
broken lines of Fig. 17. Since the flux $ mb flows from 
the stator 1 to the interpules of the rotor 3 and finally 
interlinks with the armature windings 2, both output and 
power factor of the machine can be improved. 
[0182] Fig. 1 8 shows the magnetic flux <\> q in a direc- 
tion along a center axis of the interpole, which origi- 
nates in the armature current of q-axis. The flux 4 q 
between the adjoining poles does define a magnetic 
path to pass between the permanent magnets 6 on both 
sides of the interpole, run the vicinity of the rotor center 
and pass between the magnets 6 again. However, due 
to both actions of the flux 4 m from the permanent mag- 
net 6 toward the stator 1 and the increased magnetic 
reluctance of the gap 17, the flux 4 q by the armature 
current of q-axis is reduced. 

[0183] That is, because of the above-mentioned mag- 
netizing direction of the permanent magnets 6, the mag- 
netic flux 4 m defines a magnetic path of firstly crossing 
each pole of the rotor 3. secondly entering from the core 
portion of the interpole into the stator 1 through the gap 
17 and finally returning to the opposite magnet 6. Fur- 
ther, since the flux 4 m of the permanent magnet 6 is 
distributed in the opposite direction to the flux <|> q, the 
former operates to repel the latter flux being about to 
enter into the interpole. Additionally, the "gap M flux den- 
sity derived from the armature current is reduced by the 
flux 4 q of the permanent magnets 6 in the gap 1 7 about 
the interpole, so that a difference between the flux den- 
sity in the gap 1 7 about the interpole and that about the 
pole is further increased. It means that the rotating 
machine of the embodiment has a large change in "gap" 
flux density with respect to the position of the rotor 3, 
thereby increasing the change in magnetic energy. Con- 
sequently, the rotating machine is capable of producing 
a large output by this unevenness in gap flux density. 
[0184] As mentioned above, since the rotating 
machine of the embodiment is capable of reducing the 
irrterlinkage flux of the permanent magnets 6 with the 
armature windings 2 when the machine is either 
unloaded or loaded lightly, it is possible to decrease the 
induced voltage, whereby the core loss can be reduced. 
Accordingly, the high efficiency operation can be 
accomplished when the machine is unloaded or loaded 
lightly Furthermore, since the flux 4 m of each perma- 
nent magnet 6 closes in the rotor core, it is also possible 
to prevent the magnet from being demagnetized. Owing 
to very few voltage induced by the magnets 6. the rotat- 
ing machine is capable of operating at a wide range of 
variable speeds. 

[0185] Further, even if an electrical short-circuit 
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occurs the armature windings, an inverter, etc. during 
the rotor's rotation, the short-circuit current does not 
flow since the induced voltage is substantially equal to 
zero. Therefore, in spite of the short-circuit it is possible 
to prevent an excessive braking force from being pro- 
duced and the armature windings from being damaged. 
[0186] Also in this embodiment, since the rectangular 
permanent magnets 6 are embedded in the axial direc- 
tion of the rotor core 4 (of laminated plates), it is possi- 
ble to improve the strength of the rotor 3. 
[0187] Although the cavities 5 are filled up with the 
permanent magnets 6 while leaving the cavities 5a in 
the above-mentioned embodiment, non-magnetic mate- 
rials 9 may be embedded in the remained cavities 5a in 
the modification of the embodiment. Also in the modifi- 
cation, effects similar to those of the embodiment would 
be expected. 

[16th embodiment] 

[0188] Fig. 20 is a cross sectional view of the reluc- 
tance type rotating machine in accordance with the 
16th. embodiment of the present invention, taken along 
the radial direction of the rotor of the machine. As simi- 
lar to the previously-mentioned embodiments, the 
machine comprises the stator 1 provided with the arma- 
ture windings 2 of four poles and the rotor 3 accommo- 
dated in the stator 1 . The rotor 3 is provided, at a center 
thereof, with a rotor shaft 30 for engagement with the 
rotor core 4. The rotor core 4 is constituted by a gener- 
ally cylindrical member of magnetic material, such as 
soft steel called "S45C", or a laminated member of gen- 
erally circular silicon steel plates. Formed at intervals of 
the width of a magnetic pole along the directions of 
respective pole axes in the rotor core 4 are the cavities 
5 which have rectangular cross-sections. The rectangu- 
lar permanent magnets 6, such as magnets of Nd-Fe-B 
type, are securely embedded in the cavities 5 by an 
adhesive, for example. That is, according to the embod- 
iment, since four magnetic poles 4a are cross-shaped in 
rotor 3, while the permanent magnets 6 are arranged so 
as to interpose each pole 4a therebetween. Note, 
although the rotor shaft 30 is inserted into the rotor core 
4 in common with some later-mentioned embodiments 
including this embodiment, the rotor 3 may be provided 
by adhesively stacking circular core plates each having 
no center opening for the shaft 30 in the modification. 
[0189] Each permanent magnet 6 is magnetized in a 
direction perpendicular to the pole axis. Additionally, the 
permanent magnets 6 are arranged so that the mag- 
netic flux from the magnets 6 stands up to the leakage 
flux of the armature windings 2 flowing into the area of 
the fan-shaped interpoles 4b. In detail, the permanent 
magnets 6 on both sides of one pole 4a are identical to 
each other in magnetizing direction and respectively 
magnetized in a direction perpendicular to the pole. 
Also, the permanent magnets 6 on both sides of each 
interpole 4b have opposite magnetizing directions to 



each other in the circumferential direction of th rotor 
core 4. 

[01 90] In the vicinity of the outer face of each pole 4a 
interposed between the opposing permanent magnets 

5 6, a plurality (e.g. five) of bars 20 having isosceles fan- 
shaped cross sections are embedded in the rotor core 4 
along the axial direction of the rotor 3 so as to direct 
their peaks to the outside. The deep groove bars 20 are 
made of conductive magnetic material, such as alumi- 

;o num-additrve iron, silicon-additive iron, etc. and adapted 
so as to conduct each other at both axial ends of the 
rotor 3, through the intermediary of not-shown conduc- 
tive plates, for example. The sectional profile of each 
bar 20 may be rectangular. Alternatively, it may be oval. 

is [0191] The magnetic bars 20 operate as follows. At 
the start of the operation of the rotating machine, the 
induced current flows in the bars 20 by the flux of the 
armature windings 2, so that the starting torque is pro- 
duced in the rotor 3, allowing the rotating machine to 

20 start by itseH. Note, as similar to the core 4, since each 
magnetic bars 70 themselves are formed by the mag- 
netic material, there is no influence on flux (main flux) 
flowing the poles 4a. 

[01 92] Additionally, according to the embodiment of 
25 the invention, a pair of circular-sectional cavities 21 are 
formed in the core portions on both sides of a group of 
magnetic bars 18 embedded in each pole 4a and also 
positioned outside the permanent magnets 6 in the 
radial direction of the rotor 3. Owing to the provision of 
30 the cavity 21 , each boundary between the pole 4a and 
the interpole 4b is so clarified to intercept the magnetic 
circuit, so that the magnetic reluctance is further 
increased in each interpole 4b. Accordingly, the change 
in magnetic energy is increased between the poles 4a 
35 and the interpoles 4b, thereby producing a great torque. 

[17th embodiment] 

[0193] Fig. 21 is a cross sectional view of the rotor 3 
40 of the reluctance type rotating machine in accordance 
with the 17th. embodiment of the present invention. 
[01 94] According to this embodiment, both of the cav- 
ity 5 for each permanent magnet 6 and outside cavity 8 
in the 16th. embodiment may be replaced with one r c- 
45 tangular cavity 9 where the permanent magnet 6 is 
arranged so that a longitudinal end thereof abuts on the 
inner end of the cavity 9. 

[0195] The operation of the rotor 3 of the embodim nt 
is similar to that of the 1 6th. embodiment. That is, owing 

so to a cavity portion remained in each cavity 5, the bound- 
ary between the pole 4a and the interpole 4b is clarified 
to intercept the magnetic circuit. Note, since the cavity 5 
for magnet and the cavity 8 of the 16th. embodiment are 
replaced with only one cavity in this embodiment, it is 

55 possible to reduce the number of manufacturing proc- 
esses in comparison with the 16th. embodiment, 
whereby the manufacturing cost can be saved. 
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[18th embodiment] 

[0196J Fig. 22 is a cross sectional view of the rotor 3 
of the reluctance type rotating machine in accordance 
with the 18th. embodiment of the present invention. 
According to the embodiment, a plurality of conductive 
bars 23 having circular sections are embedded in the 
interpoles 4b along the outer face of the rotor 3 although 
it looks like the rotor 3 of the 16th. embodiment. Each 
conductive bar 10 is made of, for example, copper, alu- 
minum, or the like, namely, non-magnetic material. 
Thus, at the machine's starting, the induced current 
flows in the vicinity of the outer Lace of the interpoles 
4b, too. Therefore, the self-start characteristic of the 
machine can be improved. Further, because of their 
non-magnetism, the magnetic reluctance is further 
increased in the interpoles 4b in comparison with the 
17th. and 18th. embodiments, so that the change in 
magnetic energy between the poles 4a and the inter- 
poles 4b is further increased to improve the output of 
the rotating machine. 

[19th embodiment] 

[0197] Fig. 23 is a cross sectional view of the rotor 3 
of the reluctance type rotating machine in accordance 
with the 19th. embodiment of the present invention. 
According to the embodiment, a plurality of non-mag- 
netic conductive bars 23 are embedded on the peripher- 
ies of the interpoles 4b of the rotor 3 of Fig. 21. The 
operation of the rotating machine of the embodiment is 
similar to that of the 18th. embodiment. 

[20th embodiment] 

[0198] Fig. 24 is a cross sectional view of the rotor 3 
of the reluctance type rotating machine in accordance 
with the 20th. embodiment of the present invention. 
According to the embodiment, a plurality of non-mag- 
netic conductive bars 24 having circular sections are 
inserted into the cavities 21 of Fig. 22. Consequently, 
each boundary between the pole 4a and the interpole 
4b is clarified, so that the change in magnetic energy 
between the pole 4a and the interpole 4b is further 
increased to improve the output of the machine. 

[21st embodiment] 

[0199] Fig. 25 is a cross sectional view of the rotor 3 
of the reluctance type rotating machine in accordance 
with the 21st- embodiment of the present invention. This 
embodiment is similar to the embodiment of Fig. 20 but 
the configuration of the rotor core 4 provided, in the 
interpoles 4a, with four fan-shaped cavities 25. Conse- 
quently, by the action of high magnetic reluctance of 
both permanent magnets 6 and cavities 25, the flux 
along the directions of interpole axes is reduced, so that 
the change in magnetic energy between the pole 4a and 



the interpole 4b is further increased to improve the out- 
put of the machine. 

[22nd embodiment] 

5 

[0200] Fig. 26 is a cross sectional view of the rotor 3 
of the reluctance type rotating machine in accordance 
with the 22nd. embodiment of the present invention. 
This embodiment is similar to the embodiment of Fig. 21 
10 but the configuration of the rotor core 4 provided, in the 
interpoles 4a, with four fan-shaped cavities 25, too. The 
operation of the machine of the embodiment is similar to 
that of the 21 st. embodiment. 

[0201 ] Note, as to the non-magnetic conductive bar 23 
15 of Figs. 22, 23 and 24, the configuration may be-either 
rectangular or triangular in the modification of those 
embodiments. 

[23 - 25th embodiments] 

20 

[0202] Figs. 27 to 29 are cross sectional views of the 
rotors 3 of the reluctance type rotating machine in 
accordance with the 23rd. to 25th. embodiments of the 
present invention, respectively. In common with those 

25 embodiments, the fan-shaped cavities 25 are formed in 
the rotors 4 of Figs. 22 to 24, respectively, as similar to 
the 21st. embodiment. The operation of the rotors 3 of 
those embodiments is identical to the operation of the 
rotors 3 of the 18 to 20th. embodiments, except that the 

30 magnetic reluctance of the interpoles 4b is increased by 
the cavities 25. 

[26th embodiment] 

35 [0203] Fig. 30 is a cross sectional view of the rotor 3 
of the reluctance type rotating machine in accordance 
with the 26th. embodiment of the present invention. In 
this modification of the 25th. embodiment, the cavities 
21 of identical sections are arranged on the whole 

40 periphery of the rotor 3 at regular intervals. In the cavi- 
ties 21 , some in the poles 4a are filled up with the mag- 
netic conductive bars 27 extending in the axial direction 
of the rotor 3, while the other cavities 21 in the inter- 
poles 4b are filled up with the non -magnetic conductive 

45 bars 24 in the axial direction of the rotor 3. Conse- 
quently, owing to the provision of the conductive bars 
24, 27 of identical configurations on the periphery of the 
rotor 3, the induced current flows in the bars 24, 27 by 
the flux from the armature windings 2 at the machine's 

so starting, allowing the machine to start by itself. 

[27th embodiment] 

[0204] Fig. 31 is a cross sectional view of the rotor 3 
55 of the reluctance type rotating machine in accordance 
with the 27th. embodiment, which is similar to the 26th. 
embodiment. That is, according to the embodiment, the 
rotor 3 is provided with no magnetic conductive by abol- 
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ishing the cavities 21 in the potes 4a from the rotor 3 of 
the 26th. embodiment. Also in this rotor 3, a large 
induced current flows in the conductive bars 24 at the 
machine's start, so that the self-starting can be 
ensured. 5 
[0205] Meanwhile, in common with the 21 to 26th. 
embodiments where the cavities 25 are formed in the 
interpoles 4b, respective bridge portions (i.e. peripheral 
portions of the interpoles 4b) of the rotor 3 has a ten- 
dency to be deformed outward by its centrifugal force w 
when the machine is rotating at high speed. 
[0206] Figs. 32 to 35 show respective cross sections 
of the rotor cores 4 each provided for the purpose of 
preventing the rotor 3 from being deformed due to the 
machine's rotation at high speed. In the following 75 
embodiments, each rotor core 4 of Figs, 32 to 35 may 
be either disposed on both axial ends of an rotor core 
assembly or inserted into an axial intermediate position 
of the assembly, which may be obtained by laminating a 
number of circular plates each shown in Fig. 30, for 20 
example. 

[28th embodiment] 

[0207] Fig. 32 shows a rotor core plate 4 A as a con- 25 
stituent of the rotor in accordance with the 28th. embod- 
iment. In order to provide the rotor core plate 4A. the 
fan-shaped cavities 25 are eliminated from the rotor 
core 4 of Fig. 30, so that the rotor core plate 4A is com- 
pleted with no cavity but the cavities 5 accommodating 30 
the permanent magnets 6. Consequently, in the rotor 
core 4 where the core plates 4A are arranged on both 
axial ends of the rotor or one or more core plates 4A are 
interposed in the rotor, it is possible to resist the centrif- 
ugal force when the machine is rotating at high speed 3s 
since the interpoles 4b of the rotor are reinforced. 

[29th embodiment] 

[0208] Fig. 33 shows a rotor core plate 4B as a con- 40 
stituent of the rotor in accordance with the 29th. embod- 
iment. According to the embodiment, the core plate 4B 
is provided, in each interpole 4b, with a cavity 28 some- 
what smaller than the cavity 25 of Rg. 30. Conse- 
quently, in the rotor core 4 where the core plates 4B are 45 
arranged on both axial ends of the rotor or one or more 
core plates 4B are interposed in the rotor, the interpoles 
4b of the rotor can be reinforced. 

[30th embodiment] so 

[0209] Fig. 34 shows a rotor core plate 4C as a con- 
stituent of the rotor in accordance with the 30th. embod- 
iment. Although this embodiment is similar to the 
embodiment of Fig. 30 in terms of the arrang merit of 55 
conductive bars, the former embodiment differs from the 
latt r in that the core plate 4C is provided, inside each 
interpole 4b, with a bridge member 29 extending out- 



ward in the radial direction of the rotor. In assembly, one 
or more core plates 4C are interposed in the rotor 
obtained by laminating a number of rotor cores 4 of Fig. 
30 in order to reinforce the interpoles 4b of the rotor. 

[31st embodiment] 

[0210] Fig. 35 shows a rotor core plate 4D as a con- 
stituent of the rotor in accordance with the 31st. embod- 
iment. Although this embodiment is similar to the 
embodiment of Fig. 31 in terms of the rotor structure, 
the former embodiment differs from the latter in that the 
core plate 4D is also provided, inside each interpole 4b, 
with the bridge member 29 extending outward in the 
radial direction of the rotor. In assembly, one or mor 
core plates 4D are interposed in the rotor obtained by 
laminating a number of rotor cores 4 of Ftg. 31 in order 
to reinforce the interpoles 4b of the rotor. 

[32nd embodiment] 

[0211] Fig. 36 is a cross sectional view of the rotor 3 
of the reluctance type rotating machine in accordance 
with the 32nd. embodiment of the invention. According 
to the embodiment, the rotor 3 has the cavities 25 
formed in the interpoles 4b and is covered, on the whole 
periphery of the rotor 3, with a cylindrical member 30 of 
conductive material. The material of the cylindrical 
member 30 may be non-magnetic material, for example, 
copper, aluminum, or the like. Alternatively, the member 
30 may be made of magnetic material exhibiting fine 
conductivity. 

[0212] As the result, when the machine operates to 
start, a starting torque is generated by the induced cur- 
rent flowing in the axial direction of the member 30, 
allowing the self-starting of the rotor 3. Note, since this 
rotor 3 of the embodiment employing the cylindrical con- 
ductive member 30 has a reduced number of compo- 
nents in comparison with that of the embodiment where 
a number of conductive bars are embedded in the rotor 
core, the mechanical strength of the rotor can be 
improved while facilitating the production of th 
machine. 

[021 3] Note, as the material exhibiting fine conductiv- 
ity, Cu-Fe alloy may be appropriate for the member 30. 
Additionally, when the thickness of the cylindrical mem- 
ber is established so as to be one to four times as larg 
as a rind thickness which would be determined by the 
permeability and electrical conductivity, then it is possi- 
ble to increase the starting torque of the rotor and 
reduce a slip in synchronizing the machine, whereby the 
pull-in for the machine can be facilitated especially. 

[33rd embodiment] 

[0214] Fig. 37 is a cross sectional view of the rotor 3 
of the reluctance type rotating machine in accordance 
with the 33rd. embodiment of the invention. According 
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to the embodiment, the rotor 3 is constituted by a sub- 
stantially cross-shaped core 31 extending along the 
pole-axes while abolishing respective connecting por- 
tions (bridge parts) of the interpoles, in a view of improv- 
ing the yield of products when punching a steel plate 
into core plates. In the rotor core 31 , each pole 31a has 
a leading end formed in a dovetail-manner. While, a 
cylindrical member 32 of conductive material is pro- 
vided, on an inner face thereof, with dovetail grooves for 
engagement with the dovetail ends of the rotor core 31 . 
With the engagement, the so-constructed member 32 is 
fitted with respect to the rotor core 31. In this way, the 
above-mentioned cavities 25 of the rotor 3 are defined 
by the cross-shaped rotor core 31 and the cylindrical 
member 32 surrounding the core 31. The operation of 
the machine of the embodiment is similar to that of the 
32nd. embodiment. Further, derived from the configura- 
tion of core, the yield of material is improved, so that the 
manufacturing cost can be reduced. Since the rotor 
core 31 is securely fixed with the cylindrical member 32 
by the engagement of the dovetail ends with the dovetail 
grooves, there is no possibility of slipping even if the 
rotor rotates at high speed, whereby the strength of the 
rotor can be improved. Note, as to the magnetism of 
these conductive member 30, 32, it is preferable to 
make up them by non-magnetic material in order to 
increase the magnetic reluctance of the interpoles 4b 
and reduce the flux along the interpole-axes. Alterna- 
tively, the members 30, 32 may be made of magnetic 
material exhibiting fine conductivity. 
[0215] In case of employing the material of fine con- 
ductivity, as similar to the 32nd. embodiment, when the 
thickness of the cylindrical member is established so as 
to be one to four times as large as the rind thickness 
which would be determined by the permeability and 
electrical conductivity, then it is possible to increase the 
starting torque of the rotor and reduce a slip in synchro- 
nizing the machine, whereby the pull-in for the machine 
can be facilitated especially. 

[34th embodiment] 

[0216] Fig. 38 is a cross sectional view of the rotor 3 
of the reluctance type rotating machine in accordance 
with the 34th. embodiment of the invention. In the mod- 
ification of the 33rd. embodiment, the conductor is con- 
stituted by four curved shell members 33 succeeding to 
outer surfaces of the poles 4a. Each shell member 33 is 
overlaid on the interpole 4b, which is positioned inward 
of the leading end of the pole 4a in the radial direction of 
the rotor 3, and is integrated with the interpole 4b by the 
engagement between the dovetail groove and a dovetail 
projection 33a of the member 33. According to the 
embodiment, since the interpoles 4b are covered with 
the shell members 33, the induced current flows in the 
interpoles 4b at the machine's starting, allowing the 
self -starting of the machine. Furthermore, since each 
shell member 33 is adapted so as to succeed to the 



outer face of the pole 4a in order to form the rotor 3 of 
circular section, it is possible to reduce the air resist- 
ance (windage), whereby the rotational efficiency can 
be improved. 

5 

[35th embodiment] 

[0217] Fig. 39 is a cross sectional view of the rotor 3 
of the reluctance type rotating machine in accordance 

10 with the 35th. embodiment of the invention. According 
to the embodiment, a conductive shell member 34, 
which is similar to the shell member 33 of the 34th. 
embodiment, is fixed on the rotor core 4 in each cavity 
25 of the rotor 3. In operation, the induced current flows 

is in the shell members 34 positioned relatively outside of 
the interpoles 4b at the machine's starting, allowing the 
self-starting of the machine. 

[36th embodiment] 

20 

[0218] Fig. 40 is a cross sectional view of the rotor 3 
of the reluctance type rotating machine in accordance 
with the 36th. embodiment of the invention, which is 
similar to the 33rd. and 34th. embodiments. According 

25 to the embodiment, the interpoles 4b are abolished 9 
from the rotor 3 of Fig. 38. so that the rotor core 4 is 
formed to have a generally cross-shaped section. Fur- 
ther, the circumferential ends of each pole 4a are hook- 
shaped for engagement with circumferential ends of 

30 conductive shell members 35. Owing to this formation of 
the poles 4a, even if the centrifugal force of the rotor 3 is 
applied on the members 35, they can be prevented from 
falling from the rotor 3. In this way, each conductive shell 
member 35 of the embodiment constitutes a part of the 

35 rotor 3 at the interpole. In operation, the induced current 
flows in the shell members 35 at the machine's starting, 
allowing the self-starting of the machine. Furthermore, 
since each shell member 33 is adapted so as to suc- 
ceed the outer face of the pole 4a, it is possible to 

40 reduce the air resistance (windage), whereby the rota- 
tional efficiency can be improved. 
[0219] Although the shell members 35 are separated 
from each other in the embodiment, they may be 
replaced with a cylindrical member 37 of Fig. 41 where 

45 the respective members 35 are connected with each 
other through annular portions 36, in the modification. 

[37th embodiment] 

so [0220] Fig. 42 is a cross sectional view of the rotor 3 
of the reluctance type rotating machine in accordance 
with the 37th. embodiment of the invention. The reluc- 
tance type rotating machine, as similar to the 1st. 
embodim nt. includes the stator 1 having the four-pole 

55 armature windings 2 and the rotor 3 accommodated in 
the stator 1 . 

[0221 ] This embodiment is characterized by a cylindri- 
cal conductive member 38 covering the whole periphery 
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of the rotor core 4. As shown in Fig. 43, the cylindrical 
conductive member 38 is provided, along the circumfer- 
ential direction, with a plurality of long slits 38a each 
extending in the axial direction of the member 38. 
[0222] Due to the formation of the slits 38a, the 
induced current at the machine's starting flows while 
defining a long path in the axial and circumferential 
directions of the rotor, as shown with arrows A of Fig. 
43. Consequently, the magnetic coupling between the 
armature windings and the rotor is reinforced to provide 
a great starting torque for the rotor, allowing the self- 
starting of the rotor 3. 

[0223] Note, the cylindrical member 38 of the embod- 
iment is easy to be manufactured and ensures its suffi- 
cient mechanical strength because of its simple 
structure. Furthermore, since the periphery of the rotor 
3 is smoothed by the member 38, it is possible to reduce 
the air resistance (windage), whereby the rotational effi- 
ciency can be improved. 

[0224] As materials exhibiting fine conductivity, for 
example, aluminum-addition iron, silicon -addition iron, 
Cu-Fe alloy, or the like may be adopted for material of 
the member 38. In this case, when the thickness of the 
cylindrical member 38 is established so as to be one to 
four times as large as the rind thickness which would be 
determined by the permeability and electrical conductiv- 
ity, then it is possible to increase the starting torque of 
the rotor and reduce a slip in synchronizing the 
machine, whereby the pull-in for the machine can be 
facilitated especially. Alternatively, if the member 38 is 
made of magnetic material as similar to that of the core 
4, it would not influence on the flux (main flux) flowing 
the poles 4a. 

[38th embodiment] 

[0225] Fig. 44 is a cross sectional view of the rotor 3 
of the reluctance type rotating machine in accordance 
with the 38th. embodiment of the invention. The reluc- 
tance type rotating machine of the embodiment differs 
from the 38th. embodiment in that the rotor 3 is pro- 
vided, at tile interpoles, with the cavities 25. The other 
structure is similar to that of the 38th. embodiment, 
including the cylindrical member 25. 
[0226] According to the embodiment, since the flax 
along the interpole-axes is further reduced by the action 
of high magnetic reluctance due to the permanent mag- 
nets 6 and the cavities 12, the change in magnetic 
energy between the pole 4a and the interpole 4b is fur- 
ther increased thereby to improve the output of the 
machine. 

[39th embodiment] 

[0227] Fig. 45 is a cross sectional view of the rotor 3 
of the reluctance type rotating machine in accordance 
with the 39th. embodiment of the invention. The reluc- 
tance type rotating machine of the embodiment differs 



from the 39th. embodiment in terms of the configuration 
of the rotor core 4. As similar to the embodiment of Fig. 
37, the rotor 3 is constituted by the substantially cross- 
shaped core 31 extending along the pole-axes while 

5 abolishing respective connecting portions (bridge parts) 
of the interpoles, in a view of improving the yield of prod- 
ucts in punching a steel plate into core plates. There- 
fore, the leading end of each poles 31a is shaped in the 
form of a dovetail, while the cylindrical member 38 is 

to arranged outside the rotor core 4, provided with dovetail 
grooves for engagement with the dovetail ends of the 
rotor core 31. 

[0228] As similar to the 37th. and 38th. embodiments, 
the cylindrical member 38 is constituted by a conductive 

15 member having the plural slits 38a arranged along the 
circumferential direction of the member, as shown in 
Fig. 43. The cavities 25 are defined by this cylindrical 
member 38 and the cross-shaped core 31 . 
[0229] The operation of the cylindrical member 38 is 

20 quite identical to that ol the. member 38 of the 37th. and 
38th. embodiments. Further, derived from the configura- 
tion of core, the yield of material is improved, so that the 
manufacturing cost can be reduced. Since the rotor 
core 31 is securely fixed with the cylindrical member 32 

25 by the engagement of the dovetail ends with the dovetail 
grooves, there is no possibility of slipping even if the 
rotor rotates at high speed, whereby the strength of the 
rotor can be improved. 

[0230] Note, in case of employing the material of fine 
so conductivity for the cylindrical member 38 and when the 
thickness of the cylindrical member is established so as 
to be one to four times as large as the rind thickness 
which would be determined by the permeability and 
electrical conductivity, then it is possible to increase the 
35 starting torque of the rotor and reduce a slip in synchro- 
nizing the machine, whereby the pull-in for the machine 
can be facilitated especially. 

[0231] In common with the 37-39th. embodiments, 
however, the cylindrical member 38 may be made of 
40 non-magnetic material to increase the magnetic reluc- 
tance of the interpoles 4b, in order to reduce the flux 
along the interpole-axes. 

[40th embodiment] 

45 

[0232] Fig. 46 A is a cross sectional view of the rotor 3 
of the reluctance type rotating machine in accordance 
with the 40th. embodiment of the invention. In a modifi- 
cation of the 39th. embodiment, the conductor of the 

so rotor 3 is constituted by four curved shell members 39 
each of which is provided, along the circumferential 
direction, with a plurality of slits 39a of Fig. 46B. Each 
shell member 39 is overlaid on the interpole 4b, which is 
positioned inward of the leading end of the pole 4a in 

55 the radial direction of the rotor 3, and is integrated with 
the interpole 4b by the engagement between the dove- 
tail groove and a dovetail projection of the member 39. 
According to the embodiment, since the interpoles 4b 
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are covered with the shell members 39, the induced cur- 
rent flows in the interpoles 4b at the machine's starting, 
allowing the self-starting ot the machine. Furthermore, 
since each shell member 39 is adapted so as to suc- 
ceed to the outer face of the pole 4a in order to form the 
rotor 3 of circular section, it is possible to reduce the air 
resistance (windage), whereby the rotational efficiency 
can be improved. 

[0233] Further, according to the embodiment, the shell 
members 39 are constituted by non-magnetic material 
exhibiting the fine conductivity, for example, copper, alu- 
minum, or the like. Therefore, when the machine is 
operated, the induced current also flows in the vicinity of 
the outer faces of interpoles 4b of the rotor 3 to improve 
the self-starting characteristic of the machine. Simulta- 
neously, since the magnetic reluctance is further 
increased in the interpoles 4b due to theft non-magnet- 
ism, the change in magnetic energy between the pole 
4a and the inter pole 4b is further increased thereby to 
improve the output of the machine. 

[41st embodiment] 

[0234] Fig. 47 is a cross sectional view of the rotor 3 
of the reluctance type rotating machine in accordance 
with the 41 st. embodiment of the invention. According to 
the embodiment, the conductor of the rotor 3 is consti- 
tuted by four shell members 40 each of which is curved 
and provided with the plural slits 39a along the circum- 
ferential direction of the rotor 3b. Each shell member 40 
is fixed on the outside of each cavity 25 of the rotor 3. 
[0235] Accordingly, since the induced current of a long 
path flows in the shell members 40 positioned relatively 
outside of the interpoles 4b at the machine's starting, 
the self-starting of the machine is facilitated. 

[42nd embodiment] 

[0236] Fig. 48A is a cross sectional view of the rotor 3 
of the reluctance type rotating machine in accordance 
with the 42nd. embodiment of the invention, which is 
similar to the 40th. and 41 si. embodiments. 
[0237] According to the embodiment, the interpoles 
4b are abolished 9 from the rotor 3 of Fig. 46 A, so that 
the rotor core 4 is formed to have a generally cross- 
shaped section. Further, the circumferential ends of 
each pole 4a are hook-shaped for engagement with cir- 
cumferential ends of conductive shell members 41. 
Owing to this formation of the poles 4a, even if the cen- 
trifugal force of the rotor 3 is applied on the members 
41 , they can be prevented from being left out from the 
rotor 3. 

[0238] Additionally, since the shell members 41 are 
connected with each other through annular portions 
41b, 41c at both axial ends of each member 41, it is 
possible to form slits 41a of long paths, which extend in 
the axial direction of the rotor core 4 and are juxtaposed 
along the circumferential direction of the rotor 3. Simul- 



taneously, the shall members 41 are connected to the 
outer faces of the poles 4a smoothly. 
[0239] Consequently, the rotor core 4 of the embodi- 
ment can take effects similar to those of the embodi- 

5 ment of Fig. 45. Furthermore, since each shell member 
41 is adapted so as to succeed the outer face of the 
pole 4a, it is possible to reduce the air resistance (wind- 
age), whereby the rotational efficiency can be improved. 
Further, when the machine operates to start, the 

10 induced current of long path flows in the shell members 
41, whereby the self-starting of the machine is facili- 
tated. 

[0240] Note, although the four shell members 41 are 
connected with each other through the annular portions 

is 41b, 41c thereby to constitute the single cylindrical con- 
ductive member in this embodiment, the shell members 
41 may be separated from each other while eliminating 
the annular portions 41b, 41c in a modification of the 
42nd embodiment, as similar to the 40th. and 41st. 

20 embodiments. 

[0241] In Common with the 37th. - 42nd. embodi- 
ments, since the conductor outside the rotor core 4 has 
a plurality of slits formed in the cylindrical part of the 
rotor core and arranged along the circumferential direc- 

25 tion of the rotor so as to each extend in the axial direc- 
tion and therefore, the induced current flows while 
forming long paths in the axial direction of the rotor at 
the machine's starting, the magnetic bonding between 
the armature windings and the rotor is so reinforced to 

30 provide the starting torque for the machine. 

[43rd embodiment] 

[0242] Fig. 49 is a cross sectional view of the reluc- 
35 tance type rotating machine in accordance with the 
43rd. embodiment of the present invention, taken along 
the radial direction of the rotor of the machine. As simi- 
lar to the previously-mentioned embodiments, the 
machine comprises the annular stator 1 provided with 
40 the armature windings 2 and the rotor 3 accommodated 
in the stator 1 . 

[0243] According to the embodiment, the rotor 3 is 
constituted by a rotor core 4 having a cross-shaped sec- 
tion and an annular member 42 abutting on the rotor 
45 core 4. 

[0244] The rotor core 4 is constituted by a lamination 
of numerous steel plates obtained by punching (or wire- 
cutting) a steel plate of magnetic material (e.g. soft steel 
S45C, silicon steel) in a cross-shape, provided with the 

so poles 4a projecting outward in the radial direction of the 
rotor 3 and the interpoles 4b (non-magnetic spaces) 
each interposed between the adjoining poles 4a in the 
circumferential direction of the rotor 3. While, the annu- 
lar member 42 made of magnetic material identical to 

55 the rotor core 4 is constituted as a cylindrical member 
having an annular Section of a thickness T and also 
extending in the axial direction of the rotor core 4 (i.e. a 
direction perpendicular to the drawing). 
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[0245] For integration with the rotor core 4, the annular 
member 42 is closely fitted to the peripherics of the 
poles 4a by means of shrinkage-fitting, press- fitting, 
etc. Thus, there is caused no slip between the rotor core 
4 and the annular member 42 during the operation of 5 
the rotor 3. Note, the radial thickness T of the annular 
member 42 is established smaller than a thickness t of 
a bridge portion 51 of an earlier rotor 50 of Fig. 54, 
(T<t). The reason of establishment is that the annular 
member 42 is formed into one body and therefore, the 10 
rotor core 4 retained in such a member 42 can have the 
interpoles 4b (and their vicinities) of which strength are 
respectively larger than those of the earlier rotor having 
bridge portions of the same thickness as the member 
42. In other words, when it is required to ensure a cer- 1S 
tain strength against each interpole of the rotor, the 
rotor 3 of the embodiment is capable of thinning the 
thickness T of the annular member 43 in comparison 
with the thickness t of the earlier rotor (see Fig. 54) 
being provided for the same requirement. 20 
[0246] The rotor 3 and the reluctance type rotating 
machine having the rotor 3 operate as follows. 
[0247] Fig. 50 shows the flux <f> d in the d-axis direc- 
tions along the pole axes of the rotor core 4. As shown 
in the figure, since the f lux <f> d flows in the rotor core 4 25 
of the poles 4a as the magnetic path, the rotating 
machine has a structure where the flux is easy to f low 
because the magnetic reluctance of the magnetic path 
is remarkably small. While, as the thickness T of the 
annular member 42 is smaller than the thickness t of the 30 
bridge portion 51 (Fig. 54), it is possible to reduce the 
quantity of leakage flux passing through the member 42 
in comparison with that of leakage flux passing through 
the portion 51. 

[0246] Fig. 51 shows the flux 4 q by the q-axis arma- 35 
ture current along the directions of radial axes passing 
the centers of the interpoles 4b. Although the magnetic 
flux $ q partially forms the magnetic paths crossing the 
interpoles 4b, the flux $ q almost lorms the magnetic 
paths passing through the member 42 and sequentially 40 
flowing outward of the adjoining interpole 4b in the 
radial direction of the rotor 3. Although this flux distribu- 
tion of the rotor 3 of the embodiment is similar to that of 
the conventional rotor 50, the flux flowing the annular 
member 42 is less than the flux flowing the bridge por- 45 
tions 51 of the rotor 50 because of the establishment 
(T<t), accompanying the increase in magnetic reluc- 
tance of the interpoles 4b. Thus, as there is produced a 
great magnetic unevenness with respect to the position 
of the rotor 3 owing to the provision of the thinned annu- so 
lar member 42, the resultant magnetic energy is 
remarkably changed to produce the large output of the 
machine. 

[0249] Further, the rotor 3 of the embodiment is con- 
stituted by the uneven rotor core 4 covered with the ss 
annular member 42 as one body, it is possible to make 
the thickness of the annular member 42 smaller than 
that of the earlier rotor upon the same requirement. 



[0250] As to the material of the annular member 42, 
the use of material, of which saturated flux density is 
lower than that of the material forming the rotor core 4, 
would cause the flux of the q-axis direction to flow in the 
member 42 with difficulty in comparison with a case of 
employing the same material as the rotor core 4 for the 
annular member 42. In such a case, the leakage flux 
passing through the annular member 42 would be also 
reduced in the flux of the d-axis direction thereby to 
increase the quantity of main flux, whereby the output of 
the machine could be improved. 

[44th embodiment] 

[0251] Fig. 52 is a cross sectional view of the rotor in 
accordance with the 44th. embodiment of the present 
invention, taken along the radial direction of the rotor. 
According to the embodiment, the rotor 3 is character- 
ized in that, for example, the Nd-Fe-B type permanent 
magnets 6 are disposed on both sides of each pole 4a 
of the rotor core 4 in the circumferential direction. Note, 
regarding the arrangement of the annular member 42, 
the embodiment is similar to the 43rd. embodiment. 
[0252] The permanent magnets 6 are magnetized in 
the direction perpendicular to the pole axis shown with 
an arrow A and also magnetized So as to repulse the q- 
axis flux of the armature windings 2 entering into the 
interpoles 4b. In other words, the opposing magnets 6 
interposing each pole 4a therebetween are identical to 
each other in terms of the magnetizing direction, per- 
pendicular to the pole 4a. While, the opposing magnets 
6 on both sides of each interpole 4b are different from 
each other in terms of the magnetizing direction, in the 
circumferential direction of the rotor 3 and also arranged 
in a manner that the flux from the magnets 6 flows in the 
radial direction in the interpole 4b. According to the rotor 
3 of the embodiment, since the flux of the permanent 
magnets 6 operates to oppose the q-axis flux in addition 
to the operation of the annular member 52, the mag- 
netic reluctance in the interpoles 4b is further increased 
thereby to improve the output of the machine. 
[0253] Meanwhile, the reluctance type rotating 
machine of the embodiment is superior 1o the conv n- 
tional reluctance type rotating machine in terms of the 
manufacturing process. 

[0254] Figs. 53A to 53D show an example of manufac- 
turing the rotor of Fig. 52. Note, in this manufacturing 
process, the permanent magnets 6 are magnetized by a 
magnetizer. That is, according to the manufacturing 
process, it is carried out to firstly laminate and fix 
numerous magnetic plates, which have been cut in 
cross shapes, on each other, so that the rotor core 4 
having the poles 4a and the interpoles 4b is prepared 
(see Fig. 53A). 

[0255] Next, the permanent magnets 6 before being 
magnetized are pasted on both side faces of each pole 
4a by means of adhesives (see Fig. 53B). 
[0256] Then, the rotor core 4 with the magnets 6 is set 
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into a magnetizer 60 as shown in Fig. 54C and sequen- 
tially, the magnets 6 are magnetized in order so as to 
have the above-mentioned magnetizing directions. After 
all the permanent magnets 6 have been magnetized, 
then the rotor core 4 is detached from the magnetizer 60 5 
and thereafter, the annular member 42 is fitted to the 
rotor core 4 by means of shrinkage-fitting, press- fitting, 
or the like, thereby completing the rotor 3 (see Fig. 
53D). 

[0257] In this way, since the rotor 3 includes the cross- 10 
shaped rotor core 4 as a constituent, it is possible to 
attach the pre-magnetized magnets 6 on the poles 4a 
with ease. Additionally, since the so-attached magnets 6 
expose on the rotor core 4, it is also possible to set the 
rotor core 4a having the magnets 6 in the magnetizer 60 is 
easily. 

[0258] In the modification of the above-mentioned 
method, the previously-magnetized magnets 6 may be 
attached on the side faces of the poles 4a of the rotor 
core 3 and thereafter, the annular member 42 may be 20 
fitted on the rotor core 4. In such a case, owing to the 
configuration of the rotor core 4, it is possible to insert 
the magnetized magnets 6 into the core 4 with ease, 
thereby facilitating the assembling operation for com- 
pleting the rotor 3. 25 
[0259] Further, in the modification, the annular mem- 
ber 42 may be made of non-magnetic material in view of 
reducing the windage of the rotor 3 simply. 
[0260] Finally, it will be understood by those skilled in 
the art that the foregoing descriptions are preferred so 
embodiments of the rotating machine, and that various 
changes and modifications may be made to the present 
invention without departing from the spirit and scope 
thereof. 

35 

Claims 

1 . A reluctance type rotating machine comprising: 

a stator having armature windings; 40 
a rotor having a rotor core, the rotor being pro- 
vided, in a circumferential direction thereof, 
with a magnetic unevenness; 
a plurality of permanent magnets arranged in 
the rotor core, for negating the armature wind- 45 
ings' flux passing between adjoining poles 
defined in the rotor, each of the permanent 
magnets being magnetized in a direction differ- 
ent from a direction to facilitate the rotor's mag- 
netization; and 50 
wherein a magnetic portion is ensured in the 
rotor core so that, when the armature windings 
are not excited, more than 30 % of the perma- 
nent magnets' flux is distributed in the rotor and 
also that, when the machine is loaded, the per- 55 
manent magnets' interlinkage flux is more than 
10 % of composite interlinkage flux composed 
of armature current and the permanent mag- 



nets. 

2. A reluctance type rotating machine comprising: 

a stator having armature windings; 
a rotor having a rotor core, the rotor being pro- 
vided, in a circumferential direction thereof, 
with a magnetic unevenness; 
a plurality of permanent magnets arranged in 
the rotor core, for negating armature flux pass- 
ing between adjoining poles defined in the 
rotor, each of the permanent magnets being 
magnetized in a direction different from a direc- 
tion to facilitate the rotor's magnetization; and 
wherein a magnetic portion is ensured in the 
rotor core so that, when the armature windings 
are not excited, more than 80 % of the perma- 
nent magnets' flux is distributed in the rotor and 
also that, when the machine is loaded, the per- 
manent magnets' interlinkage flux is more than 
5 % of composite interlinkage flux composed of 
current and the permanent magnets. 

3. A reluctance type rotating machine comprising: 

a stator having armature windings; 
a rotor having a rotor core, the rotor being pro- 
vided, in a circumferential direction thereof, 
with a magnetic unevenness; 
a plurality of permanent magnets arranged in 
the rotor core, for negating the armature wind- 
ings' flux passing between adjoining poles 
defined in the rotor, each of the permanent 
magnets being magnetized in a direction differ- 
ent from a direction to facilitate the rotor s mag- 
netization; and 

wherein, in a magnetic flux of the permanent 
magnets at an air gap, an amplitude in a funda- 
mental component of a magnetic flux density of 
the permanent magnets is 0.2 to 0.6 T. 

4. A reluctance type rotating machine as claimed in 
claim 1 , wherein the magnetizing direction of the 
permanent magnets is substantially identical to the 
circumferential direction of the rotor. 

5. A reluctance type rotating machine as claimed in 
claim 4, wherein the rotor is provided, between the 
adjoining poles, with a first non-magnetic part. 

6. A reluctance type rotating machine as claimed in 
claim 5, wherein a width of each pole is 0.3 to 0.5 
times as long as a pole pitch which corresponds to 
a circumferential distance from a center of an pole 
to a center of the adjoining pole. 

7. A reluctance type rotating machine as claimed in 
claim 6, wherein the rotor has magnetic portions 
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each formed on the periphery between the adjoin- 
ing poles, for magnetically connecting the adjoining 
poles. 

8. A reluctance type rotating machine as claimed in s 
claim 7, wherein the rotor is provided with a second 
non-magnetic part for reducing flux leaking through 
respective inward portions of the permanent mag- 
nets in the radial direction. 

w 

9. A reluctance type rotating machine as claimed in 
claim 8, wherein the first non-magnetic part 
between the adjoining poles is positioned so as not 
to increase magnetic reluctance outside the perma- 
nent magnets remarkably. is 

10. A reluctance type rotating machine as claimed in 
claim 9, wherein, in terms of a gap between the 
rotor core and the stator, a gap length outside an 
interpole between the adjoining poles is larger than 20 
the gap length outside the pole. 

11. A reluctance type rotating machine as claimed in 
claim 10, wherein the flux due to an armature cur- 
rent in a center axis-direction between the adjoining 25 
poles and the flux of the permanent magnets 
negates each other, so that the composite flux in 
the center axis-direction is substantially equal to 
zero. 

30 

12. A reluctance type rotating machine as claimed in 
claim 1 1 , wherein, under condition that an armature 
current component forming the flux in the central 
axis<Jirection between the adjoining poles 
becomes a maximum, the flux due to the armature 35 
current component in the center axis-direction 
between the adjoining poles and the flux of the per- 
manent magnets negates each other, so that the 
composite flux in the center axis-direction is sub- 
stantially equal to zero. 40 

13. A reluctance type rotating machine as claimed in 
claim 12. wherein, in connection with the armature 
current produced by the flux of the permanent mag- 
nets when the machine is electrically closed in a 45 
short circuit, the interlinkage of magnetic flux pro- 
duced by the permanent magnets in case of the 
armature current of zero interlinking with the flux of 

the permanent magnets is determined so that heat 
derived from Joule-doss originating in the armature so 
current is less than a thermal allowable value of the 
machine or braking force produced by the armature 
current is less than an allowable value in the rotat- 
ing machine. 

55 

14. A reluctance type rotating machine as claimed in 
claim 5. wherein the permanent magnets are 
arranged between the adjoining poles and the first 



non-magnetic part between the poles is provided 
with a conductive material . 

15. A reluctance type rotating machine as claimed in 
claim 13, wherein the rotor is provided, on a periph- 
ery thereof, with a plurality of conductive members 
extending in the axial direction of the rotor. 

16. A reluctance type rotating machine as claimed in 
claims 15, further comprising a pair of magnetic 
end rings arranged on respective axial ends of the 
rotor. 

17. A reluctance type rotating machine comprising: 

a stator having armature windings; 
a rotor having a rotor core, the rotor being pro- 
vided, in a circumferential direction thereof, 
with a magnetic unevenness; 
a plurality of permanent magnets arranged in 
the rotor core along directions of respective 
poles of the rotor, for negating armature flux 
passing between adjoining poles defined in th 
rotor; and 

wherein each interpole between the adjoining 
poles has an outer face recessed with respect 
to an outer face of the pole in the radial direc- 
tion of the rotor. 

18. A reluctance type rotating machine as claimed in 
claim 17, wherein each of the permanent magnets 
is arranged so as to leave a part of the rotor core 
between an outer end of the permanent magnet in 
the radial direction of the rotor and an outer periph- 
ery of the rotor. 

19. A reluctance type rotating machine as claimed in 
claim 18, wherein the part between the outer end of 
the permanent magnet and the outer periphery of 
the rotor has a radial thickness to be magnetically 
saturated by the armature flux. 

20. A reluctance type rotating machine as claimed in 
claim 18, wherein the part between the outer end of 
the permanent magnet and the outer periphery of 
the rotor has a radial thickness smaller than a radial 
thickness of the interpole at a center thereof. 

21. A reluctance type rotating machine as claimed in 
claim 1 8, wherein the part between the outer end of 
the permanent magnet and the outer periphery of 
the rotor has a radial thickness so that, when no 
current flows in the armature windings, the gap 
magnetic flux density of the magnetic flux of the 
permanent magnets interlinking with the armature 
windings is equal to or less than 0.1T. 

22. A reluctance type rotating machine as claimed in 
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claim 18, wherein each of the permanent magnets 
is arranged so as to form a space between the 
outer end of the permanent magnet and the outer 
periphery of the rotor, in addition to the part of the 
rotor core. 5 

23. A reluctance type rotating machine as claimed in 
claim 22, wherein the space is filled up with a non- 
magnetic material. 

w 

24. A reluctance type rotating machine as claimed in 
claim 22, wherein a cavity is formed in each inter- 
pole portion of the rotor core. 

25. A reluctance type rotating machine comprising: 15 

a stator having armature windings; 
a rotor having a rotor core, the rotor being pro- 
vided, in a circumferential direction thereof, 
with a magnetic unevenness and also defining so 
magnetic poles and interpoles in the rotor core 
by turns; 

a plurality of permanent magnets arranged in 
the rotor core along directions of respective 
poles of the rotor, for negating armature flux 25 
passing between adjoining poles defined in the 
rotor; and 

a conductor arranged in a peripheral portion of 
the rotor core, for generating an induced cur- 
rent in the conductor. 30 

26. A reluctance type rotating machine as claimed in 
claim 25, wherein the conductor is constituted by a 
plurality of magnetic bars which are embedded in 
the vicinity of an outer face of each pole of the rotor 35 
core so as to extend in the axial direction of the 
rotor. 

27. A reluctance type rotating machine as claimed in 
claim 26, wherein the rotor has cavities formed in 40 
respective core portions outside the permanent 
magnets in tile radial direction of the rotor. 

28. A reluctance type rotating machine as claimed in 
claim 27, wherein the rotor core is provided, in the 45 
vicinity of an outer face of each interpole, with a plu- 
rality of non-magnetic conductor bars extending in 
the axial direction of the rotor and generating an 
induced current therein. 

50 

29. A reluctance type rotating machine as claimed in 
claim 28, wherein the cavities of the rotor are filled 
up with part a plurality of non-magnetic conductor 
bars extending in the axial direction of the rotor and 
generating an induced current therein. 55 

30. A reluctance type rotating machine as claimed in 
claim 25, wherein the conductor comprises a plural- 



ity of deep groove magnetic bars which are embed- 
ded in the vicinity of an outer face of each pole of 
the rotor core so as to extend in the axial direction 
of the rotor and a plurality of non-magnetic bars 
which are embedded in the vicinity of an outer face 
of each interpole of the rotor core so as to extend in 
the axial direction of the rotor. 

31. A reluctance type rotating machine as claimed in 
claim 25, wherein the conductor is constituted by a 
plurality of non-magnetic bars which are embedded 
in the vicinity of an outer face of each interpole of 
the rotor core so as to extend in the axial direction 
of the rotor. 

32. A reluctance type rotating machine as claimed in 
claim 25, wherein the conductor is adapted so as to 
cover an outer face of the rotor core. 

33. A reluctance type rotating machine as claimed in 
claim 32, wherein the conductor has a cylindrical 
shape so as to cover the whole outer face of the 
rotor core. 

34. A reluctance type rotating machine as claimed in 
daim 32, wherein the conductor is constituted by a 
plurality of shell members connected with the outer 
faces of the poles to cover the interpoles. 

35. A reluctance type rotating machine as claimed in 
claim 25, wherein the conductor is arranged in the 
vicinity of an outer face of each interpole of the rotor 
core and curved along the circumferential direction 
of the rotor. 

36. A reluctance type rotating machine as claimed in 
claim 25, wherein the conductor has a plurality of 
slits formed in a cylindrical portion of the rotor core 
and arranged along the circumferential direction of 
the rotor. 

37. A reluctance type rotating machine as claimed in 
claim 36, wherein the conductor is formed so as to 
cover the outer face of the rotor core. 

38. A reluctance type rotating machine as claimed in 
daim 37, wherein the conductor has a cylindrical 
shape so as to cover the whole outer face of the 
rotor core. 

39. A reluctance type rotating machine as claimed in 
daim 38, wherein the conductor is constituted by a 
plurality of shell members which are connected with 
the outer faces of the poles to cover the interpoles. 

40. A reluctance type rotating machine as claimed in 
claim 36, wherein the conductor is arranged in the 
vidnity of an outer face of each interpole of the rotor 
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core and curved along the circumferential direction 
of the rotor. 

41. A reluctance type rotating machine as claimed in 
claim 37, wherein the conductor is made of conduc- s 
live magnetic material. 

42. A reluctance type rotating machine comprising: 

a stator having armature windings; to 
a rotor having a rotor core and an annular 
member outside the rotor core; and 
wherein the rotor core includes a plurality of 
poles each consisting of a core portion project- 
ing outward in the radial direction of the rotor is 
and a plurality of inter poles each disposed 
between the adjoining poles in the circumferen- 
tial direction of the rotor; and 
the annular member is fitted to the rotor core so 
as to surround the peripheries of the poles. 20 



machine, comprising the steps of: 

preparing a rotor core having a plurality of 
poles each having a core portion projecting 
outward in the radial direction of the rotor and a 
plurality of interpoles each disposed between 
the adjoining poles in the circumferential direc- 
tion of the rotor; 

arranging a plurality of permanent magnets 
after magnetization on respective side faces of 
the poles in the circumferential direction of the 
rotor; and thereafter, 

fitting an annular member to the rotor core in a 
manner that the annular member surrounds the 
peripheries of the poles. 



43. A reluctance type rotating machine as claimed in 
claim 42, wherein the rotor is provided, on respec- 
tive side faces of the poles in the circumferential 
direction, with a plurality of permanent magnets 25 
which are magnetized so as to negate armature 
flax passing through the interpoles. 

44. A reluctance type rotating machine as claimed in 
claim 42, wherein the annular member is made of 30 
magnetic material. 

45. A reluctance type rotating machine as claimed in 
claim 44, wherein the annular member is consti- 
tuted by material of which saturation flux density is 35 
lower than that of material forming the rotor core. 

46. A method of manufacturing a rotor of a rotating 
machine, comprising the steps of: 

40 

preparing a rotor core having a plurality of 
poles each consisting of a core portion project- 
ing outward in the radial direction of the rotor 
and a plurality of interpoles each disposed 
between the adjoining poles in the circumferen- 45 
tia! direction of the rotor; 
arranging a plurality of permanent magnets 
before magnetization on respective side faces 
of the poles in the circumferential direction of 
the rotor; so 
setting the rotor core on a magnetizing unit 
thereby to magnetize the permanent magnets; 
and 

fitting an annular member to the rotor core in a 
manner that the annular member surrounds the 55 
peripheries of the poles. 

47. A method of manufacturing a rotor of a rotating 
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